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Boiler and Combustion Systems Hazards Code

2004 Edition

This edition of NFPA 85, Boiler and Combustion Systems Hazards Code, was prepared by the
Technical Committees on Fluidized Bed Boilers, Fundamentals of Combustion Systems Haz-
ards, Heat Recovery Steam Generators, Multiple Burner Boilers, Pulverized Fuel Systems,
Single Burner Boilers, and Stoker Operations; released by the Technical Correlating Commit-
tee on Boiler Combustion System Hazards; and acted on by NFPA at its November Association
Technical Meeting held November 15-19, 2003, in Reno, NV. It was issued by the Standards
Council on January 16, 2004, with an effective date of February 5, 2004, and supersedes all
previous editions.

This edition of NFPA 85 was approved as an American National Standard on January 16, 2004.

Origin and Development of NFPA 85
The 2001 edition of NFPA 85 was a compilation of the following six standards:
NFPA 8501, Standard for Single Burner Boiler Operation
NFPA 8502, Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner Boilers
NFPA 8503, Standard for Pulverized Fuel Systems
NFPA 8504, Standard on Atmospheric Fluidized-Bed Boiler Operation
NFPA 8505, Standard for Stoker Operation
NFPA 8506, Standard on Heat Recovery Steam Generator Systems

In the 2001 edition, significant new material was added for multiple burner boilers, includ-
ing requirements for reburn systems. For heat recovery steam generators, the minimum
purge flow requirements prior to starting the combustion turbine were reduced.

The 2004 edition of NFPA 85 has been organized to provide administrative requirements
in Chapters 1, 2, and 3 and common requirements in Chapter 4, Fundamentals of Boiler
Combustion Systems. Subsequent chapters cover the specific requirements for each of the
boiler and combustion systems covered by this document.

The 2004 edition also provides new requirements that address selective catalytic reduction
(SCR) systems for multiple burner boilers. For atmospheric fluidized-bed boilers, additional
requirements addressing the hazards for hot bed materials have been added. Clarification of
unit purge, boiler purge, and furnace purge also is provided throughout the code.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Areference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, Annex M lists the complete
title and edition of the source documents for both mandatory
and nonmandatory extracts. Editorial changes to extracted
material consist of revising references to an appropriate divi-
sion in this document or the inclusion of the document num-
ber with the division number when the reference is to the
original document. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex M.

Chapter 1 Administration

1.1* Scope. This code shall apply to single burner boilers, mul-
tiple burner boilers, stokers, and atmospheric fluidized-bed
boilers with a fuel input rating of 3.7 MW, (12.5 million Btu/hr)
or greater, to pulverized fuel systems, and to fired or unfired
steam generators used to recover heat from combustion turbines
[heat recovery steam generators (HRSGs)].

1.1.1 This code shall cover design, installation, operation,
maintenance, and training.

1.1.2 This code shall cover strength of the structure, operation
and maintenance procedures, combustion and draft control
equipment, safety interlocks, alarms, trips, and other related con-
trols that are essential to safe equipment operation.

1.1.3 Coordination of the design and operating procedures
of the boiler furnace or HRSG system and any flue gas cleanup
systems downstream of the postcombustion gas passes shall be
required. Such coordination shall include requirements for
ensuring a continuous flow path from the combustion air inlet
through the stack.

1.1.4 Chapter 5, Single Burner Boilers, covers single burner
boilers that fire the following fuels:

(1) Natural gas as defined in 3.3.71.10.

(2)*Other gas having a calorific value and characteristics simi-
lar to natural gas

(3) Fuel oil of Grades 2, 4, 5, or 6

(4) Gas and oil that are fired simultaneously for fuel transfer

(5) Gas and oil that are fired simultaneously and continuously

1.1.5 Chapter 6, Multiple Burner Boilers, covers multiple
burner boilers firing one or more of the following:

(1) Gas fuel, as defined in 8.3.71.7 and 3.3.71.10

(2) Oil fuel, as defined in 3.3.71.3

(3) Pulverized coal fuel, as defined in 3.3.71.2.1 and simulta-
neous firing of more than one fuel

1.1.6 Chapter 7, Atmospheric Fluidized-Bed Boilers, covers
atmospheric fluidized-bed boilers.

1.1.7* Chapter 8, Heat Recovery Steam Generators, covers heat
recovery steam generator (HRSG) systems.

1.1.8 Chapter 9, Pulverized Fuel Systems, covers pulverized
fuel systems, beginning with the raw fuel bunker, which is up-
stream of the pulverizer and the point at which primary air
enters the pulverizing system, and terminating at the point
where pressure can be relieved by fuel being burned or col-
lected in a device that is built in accordance with this code.
The pulverized fuel system shall include the primary air ducts,
which are upstream of the pulverizer, to a point where pres-
sure can be relieved.

1.1.9 Chapter 10, Stokers, covers boilers using a stoker to fire
the following fuels:

(1) Coal

(2) Wood

(3) Refuse-derived fuel (RDF)
(4) Municipal solid waste (MSW)
(5) Other solid fuels

1.1.9.1 Where solid fuel is fired simultaneously with other
fuels (e.g., a solid fuel stoker fired in combination with gas, oil,
or pulverized auxiliary fuel), additional controls and inter-
locks shall include those covered in Chapters 5, 6, and 9.

Exception No. 1:  The purge requirements of Chapters 5 and 6 shall
not be required when the stoker is firing and the boiler is on-line. In
those cases, if no cooling air is being provided to the auxiliary burners,
a purge of their associated air supply ducts shall be provided.

Exception No. 2: Where oil or gas is fired in a supervised manual
system in accordance with Chapter 5, the excessive steam pressure in-
terlock shall not be required.

1.2* Purpose. The purpose of this code shall be to contribute
to operating safety and to prevent uncontrolled fires, explo-
sions, and implosions in equipment described in Section 1.1.

1.2.1 This code shall establish minimum requirements for the
design, installation, operation, training, and maintenance of pul-
verized fuel systems, boilers, HRSGs, and their systems for fuel
burning, air supply, and combustion products removal.

1.2.2 The code shall require the coordination of operating
procedures, control systems, interlocks, and structural design.

1.2.3 This code shall not be used as a design handbook.

1.2.3.1 A designer capable of applying more complete and
rigorous analysis to special or unusual problems shall have
latitude in the development of such designs.

1.2.3.2 1In such cases, the designer shall be responsible for
demonstrating and documenting the validity of the proposed
design.

1.3 Application.

1.3.1 This code shall apply to new installations and to major
alterations or extensions that are contracted for subsequent to
the effective date of this code.
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1.3.2 Process heaters used in chemical and petroleum manu-
facture, wherein steam generation is incidental to the opera-
tion of a processing system, shall not be covered by this code.

1.4* Retroactivity. The provisions in this code reflect a consen-
sus of what is necessary to provide an acceptable degree of
protection from the hazards addressed in this code, at the
time the code was issued.

1.4.1 Unless otherwise specified, the provisions in this code
shall not apply to facilities, equipment, structures, or installa-
tions that existed or were approved for construction or instal-
lation prior to the effective date of the code. Where specified,
the provisions in this code shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction shall be
permitted to apply retroactively any portions of this code
deemed appropriate.

1.4.3 The retroactive requirements of this code shall be per-
mitted to be modified if their application clearly would be
impractical in the judgment of the authority having jurisdic-
tion, and only where it is clearly evident that a reasonable
degree of safety is provided.

1.5 Equivalency. Nothing in this code is intended to prevent
the use of systems, methods, or devices of equivalent or supe-
rior quality, strength, fire resistance, effectiveness, durability,
and safety over those prescribed by this code.

1.5.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.5.2 The system, method, or device shall be approved for the
intended purpose by the authority having jurisdiction.

1.6 Enforcement. This code shall be administered and en-
forced by the authority having jurisdiction designated by the
governing authority. (See Annex I for sample wording for enabling
legislation. )

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this code and shall be consid-
ered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 30, Flammable and Combustible Liquids Code, 2003 edi-
tion.

NFPA 31, Standard for the Installation of Oil-Burning Equip-
ment, 2001 edition.

NFPA 54, National Fuel Gas Code, 2002 edition.

NFPA 69, Standard on Explosion Prevention Systems, 2002 edi-
tion.

NFPA 70, National Electrical Code®, 2002 edition.

2.3 Other Publications.

2.3.1 AISC Publications. American Institute of Steel Con-
struction, 1 East Wacker Drive, Suite 3100, Chicago, IL 60601.

AISCASD, Specifications for Structural Steel Buildings — Allow-
able Stress Design and Plastic Design, 1989, including supplement
No. 1, 2001.

AISC LRFD, Load and Resistance Factor Design for Structural
Steel Buildings, 1999.
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2.3.2 ANSI Publication. American National Standards Insti-
tute, Inc., 25 West 43rd Street, 4th Floor, New York, NY 10036.

ANSIK61.1, Safety Requirements for the Storage and Handling of
Anhydrous Ammonia, 1999.

2.3.3 ASCE Publication. American Society of Civil Engineers,
1801 Alexander Bell Drive, Reston, VA 20191-4400.

ASCE 7, Minimum Design Loads for Buildings and Other Struc-
tures, 2002.

2.3.4 ASME Publications. American Society of Mechanical
Engineers, Three Park Avenue, New York, NY 10016-5990.

ASME B31.1, Power Piping, 1998.
ASME B31.3, Process Piping, 1999.

2.3.5 ASTM Publications. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM D 388, Standard Classification of Coals by Rank, 1999.
ASTM D 396, Standard Specification for Fuel Oils, 1998.

ASTM D 409, Standard Test Method for Grindability of Coal by
the Hardgrove-Machine Method, 1997.

ASTM D 1655, Standard Specification for Aviation Turbine Fu-
els, 1998.

ASTM D 2880, Standard Specification for Gas Turbine Fuel Oils,
1998.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this code. Where terms are not
included, common usage of the terms shall apply.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2% Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3% Code. Astandard thatis an extensive compilation of pro-
visions covering broad subject matter or that is suitable for adop-
tion into law independently of other codes and standards.

3.2.4 Labeled. Equipment or materials to which has been at-
tached a label, symbol, or other identifying mark of an organiza-
tion that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic in-
spection of production of labeled equipment or materials, and
by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.

3.2.5%* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of pro-
duction of listed equipment or materials or periodic evaluation
of services, and whose listing states that either the equipment,
material, or service meets appropriate designated standards or
has been tested and found suitable for a specified purpose.
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3.2.6 Shall. Indicates a mandatory requirement.

3.2.7 Should. Indicates a recommendation or that which is
advised but not required.

3.2.8 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an
appendix or annex, footnote, or fine-print note and are not to
be considered a part of the requirements of a standard.

3.3 General Definitions.

3.3.1 Agglomerating. A characteristic of coal that causes cok-
ing on the fuel bed during volatilization.

3.3.2 Agglomeration. Alkali compounds can attach to bed
material particles. These compounds can have low melting
points and cause the bed particles to stick to each other to
form agglomerates.

3.3.3.1 Auxiliary Air. Air that is supplied from an auxiliary
source to maintain a minimum fuel mixture velocity in
burner piping.

3.3.3.2 Combustion Air. Air used to react with the fuel in
the combustion process. For duct burners, this generally is
combustion turbine exhaust.

3.3.3.3% Excess Air. Air supplied for combustion in excess
of theoretical air.

3.3.3.4 Overfire Air. Air supplied for combustion that is
admitted into the furnace at a point above the burners or
fuel bed.

3.3.3.5 Primary Air. Air supplied for combustion that is
admitted into the furnace through a burner premixed with
the fuel.

3.3.3.5.1 Primary Air (in Bubbling Fluidized Bed). That por-
tion of total air used to transport or inject fuel or sorbent
and to recycle material to the bed.

3.3.3.5.2 Primary Air (in Circulating Fluidized Bed). That
portion of total air introduced at the base of the combustor
through the air distributor.

3.3.3.5.3 Primary Air (in an HRSG). The air that is con-
tained in the combustion turbine exhaust.

3.3.3.5.4 Primary Air (in Pulverized Fuel System). In a pul-
verized fuel system, can be either air or a flue gas/air mix-
ture, and can simultaneously also be pulverizer air and/or
transport air.

3.3.3.6 Pulverizer Air. Air or inert gas that is introduced into
the pulverizer to dry the fuel, aid in pulverization and classifi-
cation, and convey the pulverized fuel from the pulverizer.

3.3.3.7 Seal Air. Air or inert gas supplied to any device at
sufficient pressure for the specific purpose of minimizing
contamination.

3.3.3.8 Secondary Air. Air for combustion supplied to the
burners or fuel bed in addition to the primary air.

3.3.3.8.1 Secondary Air (in a Bubbling Fluidized Bed). That
portion of the air introduced through the air distributor.

3.3.3.8.2 Secondary Air (in a Circulating Fluidized Bed). That
air that enters the combustor at levels above the air dis-
tributor.

3.3.3.8.3 Secondary Air (in a Single or Multiple Burner Boiler).
That portion of the air entering through the air registers.

3.3.3.9 Tempering Air. Cool air added to the hot primary
air or gas to modify its temperature.

3.3.3.10 Theoretical Air. The chemically correct quantity
of air needed for complete combustion of a given quantity
of a specific fuel.

3.3.3.11 Transport Air. Air or inert gas that is used to con-
vey pulverized fuel.

3.3.3.11.1 TransportAir (in a Fluidized Bed). The air used to
convey or inject solid fuel or sorbent or to recycle material.

3.3.3.12 Undergrate Air. Combustion air introduced below
the grate.

3.3.4 Air Change. A quantity of air, provided through a fuel
burner, equal to the volume of furnace and boiler gas passes.
[97:1.2]

3.3.5 Air-Rich. Aratio of air to fuel supplied to a combustion
chamber that provides more than the minimum excess air
needed for optimum combustion of the fuel.

3.3.6 Alarm. An audible or visible signal indicating an off-
standard or abnormal condition.

3.3.7 Alteration. A change or modification that results in a
deviation from the original design specifications or criteria.

3.3.8 Annunciator. A device indicating an off-standard or ab-
normal condition by both visual and audible signals.

3.3.9 Atmospheric Fluidized-Bed Combustion. A fuelfiring
technique using a fluidized bed operating at near-atmospheric
pressure on the fire side.

3.3.10 Atomizer. The device in a burner that breaks down
liquid fuel into a finely divided state.

3.3.10.1 Mechanical Atomizer. The device in a burner that
breaks down liquid fuel into a finely divided state without
using an atomizing medium.

3.3.11 Atomizing Medium. A supplementary fluid, such as
steam or air, that assists in breaking down liquid fuel into a
finely divided state.

3.3.12 Augmented Air Firing. Supplementary firing with the
addition of air at the duct burners to support and stabilize
combustion or to reduce emissions.

3.3.13* Autoignition Temperature (AIT). The minimum tem-
perature required to initiate or cause self-sustained combus-
tion of a solid, liquid, or gas independently of the heating or
heated element.

3.3.14 Bed Compartment. Segments of a fluidized bed, which
might be individually controlled with respect to combustion
airflow and fuel feed.

3.3.15 Bed Drain. An opening provided in the enclosure of a
fluidized bed for the removal of spent bed material and any
tramp material.

3.3.16 Bed Material. Granular particles that compose a fluid-
ized bed.
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3.3.17 Bed Temperature. The average temperature of a fluid-
ized bed.

3.3.18 Bin. An enclosure to store pulverized fuel.

3.3.19 Bin System (Storage System). A system in which the
fuel is pulverized and stored in bins from which it is withdrawn
through feeders, as needed, for burning.

3.3.20 Boiler. A closed vessel in which water is heated, steam is
generated, steam is superheated, or any combination thereof by
the application of heat from combustible fuels in a self-contained
or attached furnace.

3.3.21 Boiler Enclosure. The physical boundary for all boiler
pressure parts and for the combustion process.

3.3.22 Bottom Air Admission. A method of introducing air to
a chain or traveling grate stoker under the stoker.

3.3.23 Bubbling Fluidized Bed (BFB). A fluidized bed in
which the fluidizing velocity is less than the terminal velocity
of individual bed particles and in which part of the fluidizing
gas passes through the bed as bubbles.

3.3.24 Bunker. An enclosure to store raw fuel.

3.3.25 Burner. A device or group of devices for the introduc-
tion of fuel and air into a combustion chamber at the velocity,
turbulence, and concentration required to maintain ignition
and combustion of fuel.

3.3.25.1 Auxiliary Load-Carrying Burner. In a fluidized bed
boiler, a burner whose primary purpose is load carrying,
located over the bed and having its own air supply.

3.3.25.2*% Duct Burner. A burner, mounted in a duct or
discharging into a duct, used to heat the air, flue gas, or
combustion turbine exhaust gas in the duct.

3.3.25.3 Over Bed Burner. In a fluidized bed boiler, a
warm-up burner located above the bed and firing over or
into the bed.

3.3.25.4 Warm-Up Burner (Warm-Up Gun). A burner, usu-
ally smaller than the main burner, that is ignited by an-
other ignition source and is used to warm up the boiler. In
cases where it is used as an igniter, its classification shall be
verified by test.

3.3.25.4.1 Warm-Up Burner (in a Fluidized Bed Boiler). A
burner having its own air supply used to warm up the bed
to the ignition temperature of the main fuel. The warm-up
burner also can be used for limited load carrying.

3.3.26* Burner Management System. The control system dedi-
cated to combustion safety and operator assistance in the start-
ing and stopping of fuel preparation and burning equipment
and for preventing misoperation of and damage to fuel prepa-
ration and burning equipment.

3.3.26.1 Automatic Burner Management System — Nonrecy-
cling. A burner management system by which a furnace is
purged and a burner is started, ignited, and stopped auto-
matically but does not recycle automatically.

3.3.26.2 Automatic Burner Management System — Recycling. A
burner management system by which a furnace is purged
and a burner is started, ignited, and stopped automatically
and recycles on a preset pressure range.

3.3.26.3 Manual Burner Management System. A burner
management system by which a furnace is purged and a
burner is started, ignited, and stopped manually.
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3.3.26.4 Manual, Supervised Burner Management System. A
burner management system by which a furnace is purged
and a burner is started, ignited, and stopped manually. In-
terlocks are included to ensure that the operation follows
established, proper procedures.

3.3.27 Bypass Stack. Astack applied in addition to and separate
from the normal HRSG exhaust stack that allows combustion
turbine exhaust gas to flow independently to the atmosphere.

3.3.28 Calcination. The endothermic chemical reaction that
takes place when converting calcium carbonate or calcium hy-
droxide to calcium oxide.

3.3.29 Calcium to Sulfur Molar Ratio (Ca/S). The ratio of the
total moles of calcium in the sorbent fed to the boiler to the
total moles of sulfur in the fuel fed to the boiler.

3.3.30 Char. The unburned combustibles in solid form com-
bined with a portion of the fuel ash and sorbent.

3.3.31 Cinder Return. In a stoker-fired boiler, an apparatus
for the return of collected cinders to the furnace, either di-
rectly or with the fuel.

3.3.32 Circulating Fluidized Bed (CFB). A fluidized bed in
which the fluidizing velocities exceed the terminal velocity of
individual bed particles.

3.3.33 Classifier. A device to control pulverized fuel particle
size distribution.

3.3.34 Coal. Sece 3.3.71.2.

3.3.35 Coking Plate. A plate adjacent to a grate through
which no air passes and on which coal is placed for distilling
the coal volatiles before the coal is moved onto the grate.

3.3.36 Combustion Chamber. The portion of the boiler or
HRSG enclosure into which the fuel is fed, ignited, and
burned.

3.3.37 Combustion Turbine. A turbine in which the rotating
element is actuated by the pressure of combustion gases on
curved vanes.

3.3.38 Combustion Turbine Runback. The controlled unload-
ing of a combustion turbine to a level required by HRSG or
other equipment control demands.

3.3.39 Commercial Operation. The date that the full plant
capacity is formally added to the power grid.

3.3.40 Commissioning. The time period of plant testing and
operation between initial operation and commercial operation.

3.3.41 Confined Space. Any work location or enclosure in
which either of the following exists: (1) the dimensions are
such that a person who is 1.8 m (6 ft) tall cannot stand up in
the middle of the space or extend his or her arms in all direc-
tions without hitting the enclosure, (2) access to or from the
enclosure is by manhole, hatch, port, or other relatively small
opening that limits ingress and egress to one person at a time.
Confined spaces include but are not limited to the following:
pulverizers, ducts, heaters, windboxes, cyclones, coal dust col-
lectors, furnaces, bunkers, bins and HRSGs.

3.3.42 Continuous Trend Display. A dedicated visual display
of an operating trend(s) by any instrument such as a cathode
ray tube (CRT), chart recorder, or other device to quantify
changes in the measured variable(s).
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3.3.43 Control System.

3.3.43.1 Boiler Control System. The group of control systems
that regulates the boiler process, including the combustion
control system but not the burner management system.

3.3.43.2 Combustion Control System. The control system
that regulates the furnace fuel and air inputs to maintain
the air-fuel ratio within the limits that are required for con-
tinuous combustion and stable flame throughout the oper-
ating range of the boiler in accordance with demand.

3.3.43.2.1 Combustion Control System in a Fluidized Bed. In
a fluidized bed, the control system that regulates the fur-
nace fuel input, furnace air input, bed inventory, and other
bed heat transfer mechanisms to maintain the bed tempera-
ture and the air-fuel ratio within the limits necessary for con-
tinuous combustion and stable bed operation throughout the
operating range of the boiler in accordance with demand.

3.3.43.2.2 Combustion Control System in HRSG Systems. In
HRSG systems, the control system that regulates the fuel
input and air, where applicable, to maintain continuous
combustion and stable flame.

3.3.43.3 HRSG Control System. The group of control sys-
tems that regulate the HRSG process, including the combus-
tion control system but not the burner management system.

3.3.43.4 Start-Up Combustion Control System. A control sys-
tem used to regulate and maintain proper air-fuel ratio
during the start-up period where the customary indexes,
such as pressure, temperature, load, or flow, that motivate
the normal automatic combustion control system are not
available or suitable.

3.3.44 Crusher. A device for reducing the size of solid fuels.

3.3.45 Damper. A valve or plate for controlling draft or the
flow of gases, including air. [853:1.4]

3.3.45.1 Shutoff Damper. A close-fitting damper to prevent
flow and minimize leakage of air or flue gas into any system
component.

3.3.46 Direct Fired System (Unit System). A system in which
the fuel is pulverized and delivered in suspension directly to
the burner(s).

3.3.47 Directional Blocking. An interlock that, upon detection
of a significant error in furnace pressure or HRSG process vari-
ables, acts to inhibit the movement of all appropriate final con-
trol elements in the direction that would increase the error.

3.3.48 Distributor/Divider. A device that splits a single stream
of pulverized coal and primary air into two or more streams.

3.3.49 Drag Seal. In a chain grate stoker, the hinged plate
resting against the returning chain and used to seal the air
compartments.

3.3.50 Drip Leg. A chamber of ample volume, with suitable
cleanout and drain connections, over which fuel gas is passed
so that liquids and solids are trapped.

3.3.51 Dump Plate. In a stokerfired furnace, an ash-
supporting plate from which ashes can be discharged from
one side of the plate by rotation of the plate.

3.3.52 Dust Collector. An auxiliary separator that is used to
separate the fuel dust from the air or inert gas prior to dis-
charge of the latter from the system.

3.3.53 Elutriation. The selective removal of fine solids from a
fluidized bed by entrainment in the upward flowing products
of combustion.

3.3.54 Exhauster. See 3.3.58.1, Exhauster Fan.

3.3.55 Explosion Vent. A vent to relieve explosion pressures
resulting from ignition of a mixture of decomposition gases
and air. [40:3.3]

3.3.56 Explosive Mixture. A flammable or combustible mix-
ture in a confined space.

3.3.57 False Start. A condition where the combustion turbine
fails to complete its ignition sequence (failure to start) and
can result in unburned fuels entering the HRSG enclosure.

3.3.58 Fan.

3.3.58.1 Exhauster Fan. Afanlocated at the pulverizer out-
let used to draw the primary air through the pulverizer and
to deliver the primary air-fuel mixture to the burner(s) or
other apparatus.

3.3.58.2 Forced Draft (FD) Fan. Adevice used to pressurize
and supply ambient air to the combustion chamber to sup-
port combustion. In a fluidized-bed boiler, FD fans gener-
ally include both primary air and secondary air fans.

3.3.58.3 Induced Draft (ID) Fan. A device used to remove
the products of combustion from the boiler or HRSG by
introducing a negative pressure differential.

3.3.58.4 Primary Air Fan. A fan used to supply coal trans-
port air to the pulverizer or to the burner lines of a storage
system.

3.3.58.5 Seal Air Fan. A fan used to supply sealing air.

3.3.59 Fan Override Action. A control that, upon detection of
significant error in combustion chamber pressure, acts to re-
position the induced draft fan control device(s) in a direction
to reduce the error.

3.3.60 Fan Test Block Capability. The point on the fan head
versus flow characteristic curve at which the fan is selected.
This is the calculated operating point associated with the
maximum continuous rating of the boiler or HRSG, plus the
head and flow margins.

3.3.61 Feed-Forward Signal. A signal used to anticipate a
change in the measured variable.

3.3.62 Flame. A body or stream of gaseous material involved
in the combustion process and emitting radiant energy at spe-
cific wavelength bands determined by the combustion chem-
istry of the fuel. In most cases, some portion of the emitted
radiant energy is visible to the human eye. [72:3.3]

3.3.63 Flame Detector. A device that senses the presence or
absence of flame and provides a usable signal.

3.3.63.1 Self-Checking Flame Detector. Aflame detector that
automatically, and at regular intervals, tests the entire sens-
ing and signal processing system of the flame detector.

3.3.64 Flame Envelope. The confines (not necessarily visible)
of an independent process that converts fuel and air into
products of combustion.

3.3.65 Fluidize. To maintain a bed of finely divided solid par-
ticles in a mobile suspension by blowing air or gas through the
bed at such a velocity that the particles separate and behave
much like a fluid.
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3.3.66 Fluidized Bed. Abed of granular particles maintained
in a mobile suspension by the velocity of an upward flow of air
or gas.

3.3.67 Fly Carbon Reinjection. In a stoker-fired boiler, the pro-
cess of removing the coarse carbon-bearing particles from the
particulate matter carried over from the furnace and returning
the carbonaceous material to the furnace to be combusted.

3.3.68 Freeboard. In a fluidized bed boiler, the space or vol-
ume above the upper surface of the bubbling bed and below
the entrance to the convection pass.

3.3.69 Fresh Air Mode. The operation of an HRSG with atmo-
spheric instead of combustion turbine exhaust.

3.3.70 Friability. The tendency of coal to crumble or break
into small pieces.

3.3.71 Fuel.

3.3.71.1 Auxiliary Fuel. In afluidized bed boiler, generally
a gaseous or liquid fuel used to warm the bed material suf-
ficiently to allow ignition of the main fuel upon injection
into the heated bed material.

3.3.71.2 Coal. A solid fuel classified as lignite, subbitumi-
nous, bituminous, or anthracite as defined by ASTM D 388,
Standard Classification of Coals by Rank.

3.3.71.2.1 Pulverized Coal. Coal that is reduced to a size
such that at least 50 percent can pass through a 200-mesh
(74 microns) sieve.

3.3.71.3 Fuel Oil (Oil Fuel). Liquid fuels defined as Grades
2,4, 5, and 6 in ASTM D 396, Standard Specification for Fuel
Oils, or as Grade 2GT in ASTM D 2880, Standard Specifica-
tion for Gas Turbine Fuel Oils.

3.3.71.4 Hogged Fuel. Wood refuse that has been chipped
or shredded by a machine known as a hog.

3.3.71.5 JP4. Alight, volatile fuel with a boiling point be-
tween gasoline and light distillate. Its properties are de-
fined in MIL-1-5624, Turbine Fuel, Aviation, Grade JP4, JP5,
and _JP5/JP8 ST, and are similar to ASTM D 1655, Standard
Specification for Aviation Turbine Fuels (Jet B), and ASTM D
2880, Standard Specification for Gas Turbine Fuel Oils.

3.3.71.6 Kerosene. A light, highly refined fuel that is
slightly more volatile than No. 2 fuel oil. Its properties are
defined in ASTM D 396, Standard Specification for Fuel Oils;
ASTM D 1655, Standard Specification for Aviation Turbine Fu-
els; or ASTM D 2880, Standard Specification for Gas Turbine
Fuel Oils.

3.3.71.7 LP-Gas. A material that is composed predomi-
nantly of any of the following hydrocarbons or mixtures
of them: propane, propylene, n-butane, isobutane, and
butylenes.

3.3.71.8 Main Fuel. In afluidized bed boiler, gaseous, lig-
uid, or solid fuel introduced into the bed after the bed
temperature has reached a value sufficient to support its
combustion and that is used during the normal operation
of the boiler. Main fuels necessitate the use of the fluidized
hot bed as their ignition source.

3.3.71.9 Municipal Solid Waste (MSW). Solid waste materi-
als consisting of commonly occurring residential and light
commercial waste. [850:1.4]
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3.3.71.10 Natural Gas. A gaseous fuel occurring in nature
and consisting mostly of a mixture of organic compounds,
normally methane, ethane, propane, and butane. The calo-
rific value of natural gases varies between about 26.1 MJ/m®
and 55.9 MJ/m? (700 Btu per ft* and 1500 Btu per ft*), the
majority averaging 37.3 MJ/m® (1000 Btu per ft°).

3.3.71.11 Pulverized Fuel. Solid fuel that is reduced to a size
such that at least 50 percent will pass through a 200-mesh
(74 microns) sieve.

3.3.71.12 Refuse-Derived Fuel (RDF). A solid fuel prepared
from municipal solid waste. The waste material is usually re-
fined by shredding, air classification, magnetic separation, or
other means. The fuel can be packed, chopped, pelletized,
pulverized, or subject to other mechanical treatment.

3.3.71.13 Supplementary Fuel. Fuel burned to supply addi-
tional heat to the steam generator or to support combustion.

3.3.72 Fuel Gas (Gas Fuel). See 3.3.71.7, LP-Gas, and 3.3.71.10,
Natural Gas.

3.3.73 FuelRich. Indicates a ratio of air to fuel supplied to a
furnace that provides less than the minimum excess air
needed for optimum combustion of the fuel.

3.3.74 Fuel Trip. The automatic shutoff of a specific fuel as
the result of an interlock or operator action.

3.3.75 Furnace. The portion of the boiler enclosure within
which the combustion process takes place and wherein heat
transfer occurs predominantly by radiation.

3.3.76 Gate (for Raw Fuel) (Silo Gate; Bunker Gate). A shutoff
gate between the raw-fuel bunker and the raw-fuel feeder.

3.3.77 Grate. The surface on which fuel is supported and
burned and through which air is passed for combustion.

3.3.77.1 Bars or Keys Grate. Those parts of the fuel-
supporting surface arranged to admit air for combustion.

3.3.77.2 Hand-Fired Grate. A grate on which fuel is placed
manually, usually by means of a shovel.

3.3.78 Grindability. The characteristic of solid fuel that indi-
cates its relative ease of pulverization, as defined by ASTM
D 409, Standard Test Method for Grindability of Coal by the
Hardgrove-Machine Method.

3.3.79 Header. A pipe or duct through which liquid or gas is
conveyed and supplied to or received from multiple branches.

3.3.80 Heat Recovery Steam Generator (HRSG). A heat
exchanger that uses a series of heat transfer sections (e.g.,
superheater, evaporator, and economizer) positioned in
the exhaust gas flow of a combustion turbine to recover
heat and supply a rated steam flow at a required tempera-
ture and pressure.

3.3.80.1 HRSG Enclosure. All ductwork from the combus-
tion turbine exhaust through the steam generator to the
stack, including any bypass duct connection.

3.3.80.2 HRSG Purge. See 3.3.115.1, Combustion Turbine
Purge; 3.3.115.2, Duct Burner (HRSG) Purge; and 3.3.116,
Purge Rate.

3.3.80.3 HRSG System. The unit assembly from the combus-
tion turbine inlet to the flue gas outlet to the atmosphere.
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3.3.81 Hogged Fuel. Sce 3.3.71.4.

3.3.82 Igniter. A permanently installed device that provides
proven ignition energy to light off the main burner.

3.3.82.1 Class 1 Igniter. An igniter that is applied to ignite
the fuel input through the burner and to support ignition
under any burner light-off or operating conditions. Its lo-
cation and capacity are such that it will provide sufficient
ignition energy, generally in excess of 10 percent of full
load burner input, atits associated burner to raise any cred-
ible combination of burner inputs of both fuel and air
above the minimum ignition temperature.

3.3.82.2 Class 2 Igniter. An igniter that is applied to ignite
the fuel input through the burner under prescribed light-
off conditions. It is also used to support ignition under low
load or certain adverse operating conditions. The range of
capacity of such igniters is generally 4 percent to 10 per-
cent of full load burner fuel input.

3.3.82.3 Class 3 Igniter. Asmalligniter applied particularly
to gas and oil burners to ignite the fuel input to the burner
under prescribed light-off conditions. The capacity of such
igniters generally does not exceed 4 percent of the full load
burner fuel input.

3.3.82.4 Class 3 Special Igniter. A special Class 3 high en-
ergy electrical igniter capable of directly igniting the main
burner fuel.

3.3.83 Inert Gas. A gas that is noncombustible and nonre-
active.

3.3.84 Initial Operation. The first coordinated operation of
the unit.

3.3.85 Interlock. A device, or an arrangement of devices, in
which the operation of one part or one mechanism of the
device or arrangement controls the operation of another part
of another mechanism.

3.3.86 JP4. See 3.3.71.5.
3.3.87 Kerosene. See 3.3.71.6.

3.3.88 Lance. A device, without its own air supply, that pro-
vides fuel input directly into a fluidized bed.

3.3.89 Ledge Plate. A form of plate that is adjacent to, and
overlaps, the edge of a stoker.

3.3.90 Light-Off Time Limit Timer. A device that is used on
supervised manual burner management systems and limits the
allowable time between completion of purge and light-off.

3.3.91 Lock Hopper. A feeding device that incorporates a
double pressure seal, thus enabling solids to be fed into a sys-
tem with a higher pressure than the pressure existing in the
solid’s storage area. Also, a letdown device that incorporates a
double pressure seal, thus enabling solids to be withdrawn
from a system with a higher pressure than that existing down-
stream of the lock hopper.

3.3.92 Logic System. The decision-making and translation ele-
ments of the burner management system. Alogic system provides
outputs in a particular sequence in response to external inputs
and internal logic. Logic systems are comprised of the following:
(1) hardwired systems — individual devices and interconnecting
wiring — and (2) microprocessor-based systems — (a) computer
hardware, power supplies, I/O devices, and the interconnections
among them; and (b) operating system and logic software.

3.3.93 Low Fire. The minimum fire rate that results in stable
combustion.

3.3.94 LP-Gas. See 3.3.71.7.

3.3.95 Main Fuel Temperature Permit. The minimum fluid-
ized bed temperature at which the main fuel can be intro-
duced with resulting stable combustion.

3.3.96* Master Fuel Trip. An event resulting in the rapid shut-
off of all fuel, including igniters; for HRSGs, an event resulting
in the rapid shutoff of all fuel to the duct burners, including
igniters.

3.3.97 Master Fuel Trip Relay. An electromechanical relay(s)
utilized to trip all required equipment simultaneously when a
master fuel trip is initiated.

3.3.98 Minimum Fluidization Velocity. In a fluidized bed, the
lowest velocity sufficient to cause incipient fluidization.

3.3.99 Monitor. To sense and indicate a condition without
initiating automatic corrective action.

3.3.100 Natural Gas. See 3.3.71.10.
3.3.101 Oil. See 3.3.71.3, Fuel Oil (Oil Fuel).

3.3.102 Open Flow Path. A continuous path for movement of
an airstream from the forced draft fan inlet to the stack; in an
HRSG, a continuous path for movement of an airstream
through the HRSG system.

3.3.103 Open Register Light-Off Procedure. A procedure for
purging and lighting off a boiler under specified, controlled
conditions.

3.3.104 Operating Range. The range between the maximum
fuel input and minimum fuel input within which the burner
flame can be maintained in a continuous and stable manner.

3.3.105 Overfire Air Port. An opening in a furnace wall to
enable the introduction of an overfire airstream.

3.3.106 Partial Loss of Flame. Loss of flame at any of the sepa-
rate flame envelopes or burners while flame is maintained at
any of the other flame envelopes or burners.

3.3.107 Positive Means. The physical methods of satisfying a
requirement.

3.3.108 Postpurge. A purge performed after the burner(s) is
shut down.

3.3.109 Pressure/Air Lock. A device for transferring pulver-
ized fuel between zones of different pressure without permit-
ting appreciable flow of air or gas in either direction.

3.3.110 Primary Air Fan (Pulverizer Air Fan). See 3.3.58.4, Pri-
mary Air Fan.

3.3.111 Prove. To establish by measurement or test the exis-
tence of a specified condition such as flame, level, flow, pres-
sure, or position.

3.3.112 Pulverized Fuel. See 3.3.71.11.

3.3.113 Pulverized Fuel Pump. A device or system for trans-
porting fuel mechanically or pneumatically by utilizing mini-
mum airflow.

3.3.114 Pulverizer. A machine for reducing the particle size
of a solid fuel so that it burns in suspension.
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3.3.115 Purge. Aflow of air or an inert medium at a rate that
will effectively remove any gaseous or suspended combustibles
and replace them with the purging medium.

3.3.115.1 Combustion Turbine Purge. A flow of air at purge
rate through the combustion turbine and the appropriate
portion of the HRSG enclosure for a number of volume
changes sufficient to effectively remove any gaseous or sus-
pended combustibles and replace them with the air.

3.3.115.2 Duct Burner (HRSG) Purge. Aflow of combustion
turbine exhaust gas or air at purge rate through the HRSG
enclosure for a number of volume changes sufficient to
effectively remove any gaseous or suspended combustibles
and replace them with the purging medium.

3.3.116 Purge Rate. A constant flow of purging medium at
velocity sufficient to achieve a purge.

3.3.117 Raw Fuel Feeder. A device for supplying a controlled
amount of raw fuel.

3.3.118 Reburn. The process of admitting fuel downstream
of the main burners to create a fuel-rich zone where chemical
reactions reduce NO, to molecular nitrogen.

3.3.119 Reburn Injector. A device that introduces fuel with-
out combustion air into a furnace for the purpose of reducing
NO,, emissions from the furnace.

3.3.120 Recirculation (Solids or Recycle). The reintroduction
of solid material extracted from the products of combustion
into a fluidized bed.

3.3.121 Recycle. A single burner boiler start-up that is initi-
ated by steam pressure or water temperature following a nor-
mal shutdown.

3.3.122 Recycle Rate. In a fluidized bed, the rate at which a
mass of material is reinjected into the bed. This value is often
expressed as the ratio of the amount being reinjected to the
total amount being elutriated from the fluidized bed.

3.3.123 Recycle Ratio. In a fluidized bed, the mass of mate-
rial being reinjected into the bed divided by the mass of fuel
being fed into the bed.

3.3.124 Refuse-Derived Fuel (RDF). See 3.3.71.12.

3.3.125 Register (Burner Air). A set of dampers for a burner
or air supply system to a particular burner used to distribute
the combustion air admitted to the combustion chamber. Fre-
quently controls the direction and velocity of the airstream for
efficient mixing with the incoming fuel.

3.3.126 Reinjection. In a fluidized bed boiler, the return or
recycling of material removed or carried from the furnace
back to the furnace. Also refers to fly ash collected and re-
turned to the furnace or combustion chamber, sometimes ex-
pressed as a percent of the total collected.

3.3.127 Remote Operation. Control from alocation removed
from the combustion area.

3.3.128 Repair. A process that returns the combustion system
or subsystem to its original design specifications or criteria.

3.3.129 Repeatability. The ability of a device to maintain a
constant set point characteristic.

3.3.130 Restart. A manually initiated start-up.
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3.3.131 Retort. A trough or channel in an underfeed stoker,
extending within the furnace, through which fuel is forced
upward into the fuel bed.

3.3.132 Safety Shutdown Trip Relay. Sece 3.3.97, Master Fuel
Trip Relay.

3.3.133 Scavenging. The procedure by which liquid fuel left
in a burner or igniter after a shutdown is cleared by admitting
steam or air through the burner passages, typically through a
dedicated scavenging medium valve.

3.3.134 Selective Catalytic Reduction (SCR). A method of re-
ducing NO,, in flue gas.

3.3.135 Semifluidized. In a fluidized bed boiler, the state in
which a uniform flow of air that is less than that necessary to
fluidize the bed is admitted and is found to be sufficient to
adequately remove gaseous combustibles.

3.3.136 Service Connection. A pointat which fuel, an atomiz-
ing medium, or power is connected to the firing equipment or
controlled devices.

3.3.137 Set Point. A predetermined value to which a device
or system is adjusted and at which it performs its intended
function.

3.3.138 Shutdown.

3.3.138.1 Emergency Shutdown (HRSG). An eventresulting
in the rapid shutoff of all fuel to the combustion turbine
along with a master fuel trip.

3.3.138.2 Normal Shutdown. Stopping burner operation
by shutting off all fuel and ignition energy to the combus-
tion equipment.

3.3.138.3 Safety Shutdown (Single Burner Boiler). Stopping
burner operation by shutting off all fuel and ignition en-
ergy to the furnace.

3.3.139 Side Air Admission. Admission of air to the underside
of a grate from the sides of a chain or traveling grate stoker.

3.3.140 Soot Blower. A mechanical device for introducing
steam, air, or water to clean heat-absorbing surfaces.

3.3.141 Sorbent. In a fluidized bed boiler, a constituent that
reacts with and captures a pollutant or, more generally, a con-
stituent that reacts with and captures another constituent.

3.3.142 Spent Bed Material. In a fluidized bed boiler, mate-
rial removed from the bed generally comprised of reacted sor-
bent, calcined limestone, ash, and solid, unburned combus-
tibles. For some applications, the spent bed material might
also contain some inert material, such as sand.

3.3.143 Stable Bed. In a fluidized bed boiler, a bed of granu-
lar material that maintains sustained combustion at a desired
temperature.

3.3.144 Stable Flame. A flame envelope that retains its conti-
nuity throughout the maximum rate of change within the op-
erating range of the boiler, burner, or HRSG.

3.3.145 Steam Generator. A pressure vessel in which water is
converted to steam or steam is superheated, or in which any
combination thereof takes place.

3.3.146 Steam Generator Capacity. The manufacturer’s stated
steam output rate over a period of time for which the steam gen-
erator is designed to operate.
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3.3.147 Steam Generator Enclosure. The physical boundary
for all steam generator pressure parts and the combustion
process.

3.3.148 Stoker.

3.3.148.1 Chain Grate Stoker. A stoker that has a moving
endless chain as a grate surface, onto which coal is fed di-
rectly from a hopper.

3.3.148.2 Dump Grate Stoker. A stoker equipped with mov-
able ashtrays, or grates, by means of which the ash is dis-
charged at any desirable interval.

3.3.148.3 Forced Draft Stoker. A stoker in which the flow of
air through the grate is caused by a pressure produced by
mechanical means.

3.3.148.4 Front Discharge Stoker. A stoker so arranged that
refuse is discharged from the grate surface at the same end
as the coal feed.

3.3.148.5 Mechanical Stoker. A device consisting of a me-
chanically operated fuel feeding mechanism and a grate,
used for the purpose of feeding solid fuel into a furnace,
distributing it over a grate, admitting air to the fuel for the
purpose of combustion, and providing a means for removal
or discharge of refuse.

3.3.148.6 Multiple Retort Stoker. An underfeed stoker con-
sisting of two or more retorts, parallel and adjacent to each
other, but separated by a line of tuyeres, and arranged so
that the refuse is discharged at the ends of the retorts.

3.3.148.7 Overfeed Stoker. A stoker in which fuel is fed
onto grates above the point of air admission to the fuel bed.
Overfeed stoker grates include the following: (1) Front Ieed,
Inclined Grate — Fuel is fed from the front onto a grate
inclined downward toward the rear of the stoker; (2) Chain
or Traveling Grate — A moving endless grate that conveys
fuel into and through the furnace where it is burned, after
which it discharges the refuse; (3) Vibrating Grate — An in-
clined vibrating grate in which fuel is conveyed into and
through the furnace where it is burned, after which it dis-
charges the refuse.

3.3.148.8 Rear Discharge Stoker. A stoker so arranged that
ash is discharged from the grate surface at the end opposite
the solid fuel.

3.3.148.9 Reciprocating Grate Stoker. A grate element that
has reciprocating motion, usually for the purpose of fuel
agitation or ash removal.

3.3.148.10 Side Dump Stoker. A stoker so arranged that
refuse is discharged from a dump plate at the side of the
stoker.

3.3.148.11 Single Retort Stoker. An underfeed stoker using
one retort only in the assembly of a complete stoker.

3.3.148.12 Spreader Stoker. A stoker that distributes fuel
into the furnace from a location above the fuel bed with a
portion of the fuel burned in suspension and a portion on
the grates. Spreader stoker grates include the following:
(1) Stationary Grate — A grate in which fuel is fed onto a
fixed position grate; (2) Dump Grate— A grate in which fuel
is fed onto a nonmoving grate that is arranged to allow
intermittent discharge of refuse through tilting action of
the grate bars; (8) Continuous Discharge or Traveling Grate —
A grate that continuously discharges the refuse from the
end after burning the fuel.

3.3.148.13 Traveling Grate Stoker. A stoker similar to a
chain grate stoker with the exception that the grate is sepa-
rate from but is supported on and driven by chains.

3.3.148.14 Underfeed Stoker. Astoker in which fuel is intro-
duced through retorts at a level below the location of air
admission to the fuel bed. Underfeed stokers are divided
into three general classes.

3.3.148.14.1 Continuous Ash Discharge Underfeed Stoker. A
stoker in which the refuse is discharged continuously from
the normally stationary stoker ash tray to the ash pit, with-
out the use of mechanical means other than the normal
action of the coal feeding and agitating mechanism.

3.3.148.14.2 Rear Discharge Underfeed Stoker. A stoker hav-
ing a grate composed of transversely spaced underfeed retorts
that feed and distribute solid fuel to intermediate rows of tu-
yeres through which air is admitted for combustion. The ash
is discharged from the stoker across the rear end.

3.3.148.14.3 Side Ash Discharge Underfeed Stoker. A stoker
having one or more retorts that feed and distribute fuel
onto side tuyeres or a grate through which air is admitted
for combustion and over which the ash is discharged at the
side parallel to the retorts.

3.3.148.15 Water Cooled Stoker. A stoker having tubes in or
near the grate surface through which water is passed for
cooling the grates.

3.3.149 Stoker Gate. An element of a stoker placed at the
point of entrance of fuel into the furnace and by means of
which the depth of fuel on the stoker grate is controlled. It is
generally used in connection with chain or traveling grate
stokers and has the form of a guillotine.

3.3.150 Sulfation. The exothermic chemical reaction that
takes place when calcium oxide unites with oxygen and sulfur
dioxide to form calcium sulfate.

3.3.151 Sulfur Capture. The molar fraction of sulfur in the
fuel input that is “captured” by calcium oxide to form calcium
sulfate.

3.3.152 Sulfur Reacted. In afluidized bed, the fraction of the
total sulfur in the fuel fed to the bed that is converted to sulfur
dioxide or calcium sulfate.

3.3.153 Sulfur Retention. The molar ratio of the total sulfur
in the fuel minus the sulfur leaving the unit as sulfur dioxide
to the total sulfur in the fuel.

3.3.154 Supervise. To sense and indicate a condition requir-
ing attention and to automatically initiate corrective action.

3.3.155 Supplementary Firing. The provision of duct burners
in an HRSG to increase the temperature of the combustion
turbine exhaust gases.

3.3.156 Switch.

3.3.156.1 Normal Shutdown, High Steam Pressure Switch. A
pressure-actuated device that is arranged to effect a normal
burner shutdown when the steam pressure exceeds a pre-
set pressure.

3.3.156.2 Normal Shutdown, High Steam Temperature Switch.
A temperature-actuated device that is arranged to effect a
normal burner shutdown when the water temperature ex-
ceeds a preset temperature.
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3.3.156.3 Process Monitoring, High Oil Temperature Switch.
A temperature-actuated device that initiates a signal when
oil temperature rises above the limits that are required to
maintain the viscosity range recommended by the burner
manufacturer.

3.3.156.4 Process Monitoring, Low Oil Temperature Switch.
Atemperature-actuated device that initiates a signal when the
oil temperature falls below the limits that are required to
maintain the viscosity range recommended by the burner
manufacturer.

3.3.156.5 Safety Shutdown, Excessive Steam Pressure Switch.
A pressure-actuated device that is arranged to effect a safety
shutdown of the burner when the steam pressure exceeds a
preset pressure.

3.3.156.6 Safety Shutdown, Excessive Water Temperature Switch.
A temperature-actuated device that is arranged to effect a
safety shutdown of the burner when the water temperature
exceeds a preset temperature.

3.3.156.7 Safety Shutdown, High Gas Pressure Switch. A
pressure-actuated device that is arranged to effect a safety
shutdown or to prevent starting when the gas pressure ex-
ceeds the preset value.

3.3.156.8 Safety Shutdown, Low Gas Pressure Switch. A
pressure-actuated device that is arranged to effect a safety
shutdown or to prevent starting when the gas pressure falls
below the preset value.

3.3.156.9 Safety Shutdown, Low Oil Pressure Switch. A
pressure-actuated device that is arranged to effect a safety
shutdown or to prevent starting when the oil pressure falls
below the preset value.

3.3.156.10 Safety Shutdown, Low Water Cutout Auxiliary Switch.
On single burner boilers, a device that is arranged to effect
a safety shutdown of the burner when the water level in the
boiler falls to a predetermined low level.

3.3.156.11 Safety Shutdown, Low Water Cutout Switch. A de-
vice that is arranged to effect a safety shutdown or master
fuel trip when the water level in the boiler or HRSG falls to
a predetermined low level.

3.3.157 Trial-for-Ignition Period (Igniter). The interval of time
during light-off in which a safety control circuit permits the ig-
niter fuel safety shutoff valve(s) to be opened before the flame
detection system is required to supervise the igniter flame.

3.3.158 Trial-for-Ignition Period (Main Burner). The interval
of time during light-off in which a safety control circuit per-
mits the main burner fuel safety shutoff valve (s) to be opened
before the flame detection system is required to supervise the
main burner flame only.

3.3.159 Tuyeres. Forms of grates, located adjacent to a retort,
feeders, or grate seals through which air is introduced.

3.3.160 Unattended Operation. A means of operation where
the operator is not in view of operating instrumentation (local
or remote), nor in a position to operate control systems.

3.3.161 Unit. The combined spaces of the furnace and the
associated boiler passes, ducts, and fans that convey the gases
of combustion to the stack; for HRSGs, the combined spaces
of the combustion turbine, the HRSG, and the associated
ducts that convey the air and combustion gases from the air
intake to the stack.
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3.3.162 Valve.

3.3.162.1 Barrier Valve. A valve, not necessarily dusttight,
used to inhibit hot gases from traveling back into any sys-
tem component open for inspection or maintenance.

3.3.162.2 Burner Shutoff Valve. In a pulverized fuel system,
a valve that is installed in the fuel line between the pulver-
izer and the burner.

3.3.162.3 Charging Valve. In a gaseous or liquid fuel sys-
tem, a small valve bypassing the main safety shutoff valve
used for purging and charging the fuel headers and piping
and for testing for leaks.

3.3.162.4 Check Valve. Avalve that allows flow in one direc-
tion only. [13D:1.3]

3.3.162.5 Dusttight Valve. In a pulverized fuel system, a
tight-seating valve installed in the fuel supply pipe to the
burner to allow or stop flow.

3.3.162.6 Flow Control Valve. Avalve capable of regulating
quantity of through-put to a controlled range.

3.3.162.7 Safety Shutoff Valve (Safety Trip Valve). A fast-
closing valve that automatically and completely shuts off
the gaseous or liquid fuel supply to the main burner(s) or
to the igniter(s) in response to a normal or a safety shut-
down signal.

3.3.162.8 Supervisory Shutoff Valve. In a gaseous or liquid
fuel system, a manually operated shutoff valve with a means
to provide a “valve closed” position signal.

3.3.162.9 Vent Control Valve. A controllable valve for regu-
lating the flow of vented air or gas from the system.

3.3.162.10 Vent Valve. A valve used to allow venting of air
or gas from the system to the atmosphere.

3.3.163 Valve-Proving System. In a gaseous or liquid fuel sys-
tem, a system that proves the leak tightness of all safety shutoff
valves and prevents main burner or igniter light-off if the test is
not satisfied.

3.3.164 Volatile Matter. The portion of mass, except water va-
por, that is driven off in a gaseous form when solid fuels are
heated.

3.3.165 Watch-Dog Timer. A timer external to a microproces-
sor based control that is used to compare the microprocessor
cycle timing against itself and that fails safely if the micropro-
cessor timing stops or exceeds the watch-dog time interval.

Chapter 4 Fundamentals of Boiler
Combustion Systems

4.1* Manufacture, Design, and Engineering.

4.1.1 The owner or the owner’s representative shall, in coop-
eration with the manufacturer, ensure that the unit is not de-
ficient in apparatus that is necessary for operation with respect
to pressure parts, fuel-burning equipment, air and fuel meter-
ing, light-off, and maintenance of stable flame.

4.1.2 All fuel systems shall include provisions to prevent for-
eign substances from interfering with the fuel supply.

4.1.3* An evaluation shall be made to determine the optimum
integration of manual and automatic safety features.
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4.1.4 Although this code requires a minimum degree of auto-
mation, more complex plants, plants with increased automation,
and plants designed for remote operation shall require addi-
tional provisions for the following:

(1) Information regarding significant operating events that
allow the operator to make a rapid evaluation of the oper-
ating situation

(2) Continuous and usable displays of variables that allow the
operator to avoid hazardous conditions

(3) In-service maintenance and checking of system functions
without impairment of the reliability of the overall control
system

(4) An environment conducive to timely and correct deci-
sions and actions

4.1.5 The burner or fuel feed piping and equipment shall be
designed and constructed to prevent the formation of hazard-
ous concentrations of combustible gases that exist under nor-
mal operating conditions.

4.2 Installation.

4.2.1 The party responsible for the erection and installation
of the equipment shall ensure that all apparatus are installed
and connected in accordance with the system design.

4.2.2 System Safeguards.

4.2.2.1 The owner or owner’s representative, the engineer-
ing consultant, the equipment manufacturer, and the operat-
ing company shall not operate the system until the safeguards
have been tested and operated as a system.

4.2.2.2 If temporary interlocks and instrumentation are nec-
essary to meet requirements in 4.2.2.1, any such temporary
system shall be reviewed by the owner or owner’s representa-
tive, the engineering consultant, the equipment manufac-
turer, and the operating company, and agreement shall be
reached on its suitability in advance of start-up.

4.2.3 System Tests.

4.2.3.1 The safety interlock system and protective devices
shall be tested jointly by the organization responsible for the
system design and those who operate and maintain such a
system and devices during the operating life of the plant.

4.2.3.2 These tests shall be completed before initial operation.

4.2.4 Documentation of the plant equipment, the system, and
maintenance activities shall be accurately updated to reflect
changes in the status of equipment and operating procedures.

4.3 Coordination of Design, Construction, and Operation.

4.3.1* During the planning and engineering phases of plant
construction, the design shall be coordinated with operating
personnel.

4.3.2*% The integration of the various components, including
boiler or HRSG, burner, fuel and air supply equipment, con-
trols, interlocks and safety devices, operator and maintenance
functions, and communication and training, shall be the re-
sponsibility of the owner and the operating company.

4.4 Maintenance, Inspection, Training, and Safety.
4.4.1 Maintenance and Equipment Inspection. (See also Annex J.)

4.4.1.1*% A program shall be provided for inspection and main-
tenance of equipment at intervals consistent with the type of
equipment used, service requirements, and manufacturers’
recommendations.

4.4.1.2 As a minimum, the maintenance program shall in-
clude the following:

(1) In-service inspections to identify conditions that need cor-
rective action

(2) Well-defined planning for making repairs or modifica-
tions using qualified personnel and tools and instruments
designed for the work

(3) Equipment history and record of dates of service, condi-
tions found, maintenance performed, and changes made

(4) Written comprehensive maintenance procedures incor-
porating the manufacturer’s instructions to define the
tasks and skills required

(5) Nondestructive examination requirements; tasks need-
ing special tools; special environmental factors such as
temperature limitations, dusts, contaminated or oxygen-
deficient atmospheres, and limited access or confined space
restrictions

(6) Equipment condition assessment before and after main-
tenance

(7) Supply of well-maintained spare parts to perform required
maintenance

(8) Housekeeping essential for safe operation and preven-
tion of fires or explosions that includes the following:

(a) Provisions for cleaning of horizontal ledges or sur-
faces of buildings and equipment to prevent the accu-
mulation of dust deposits greater than the minimum
required to create an explosion hazard

(b) Water washing or vacuum cleaning methods to re-
duce the possibility of creating dust clouds

(c) Prohibition of the use of compressed air for cleaning

4.4.1.3 Operation, set points, and adjustments shall be veri-
fied by testing at specified intervals, and the results shall be
documented.

4.4.1.4 Defects shall be reported and corrected, and the
changes or repairs documented.

4.4.1.5 System configuration, including logic, set points, and
sensing hardware, shall not be changed without detailed engi-
neering review and documentation.

4.4.1.6 System operation shall be verified for compliance
with this code whenever a controller is replaced, repaired, or
updated.

4.4.1.7 When a unit that fires liquid fuel is out of service and
available for inspection, personnel shall check for any accu-
mulation of unburned fuel in the boiler or HRSG enclosure,
especially in the fin-tube area of an HRSG.

4.4.2 Training.
4.4.2.1 Operator Training.

4.4.2.1.1* The owner or the owner’s representative shall be
responsible for establishing a formal training program that is
consistent with the type of equipment and hazards involved to
prepare personnel to operate equipment.

4.4.2.1.2 Operating procedures shall be established that
cover normal and emergency conditions.

4.4.2.1.2.1 Start-up, shutdown, and lockout procedures shall
all be covered in detail.

4.4.2.1.2.2 Where different modes of operation are possible,
procedures shall be prepared for each operating mode.
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4.4.2.1.2.3 Procedures also shall be prepared for switching
from one mode to another.

4.4.2.1.3 The owner or owner’s representative shall verify that
operators are trained and competent to operate the equipment
under all conditions prior to their operation of such equipment.

4.4.2.1.4 The owner or owner’s representative shall be re-
sponsible for retraining operators, including reviewing their
competence, at intervals determined by the owner.

4.4.2.1.5 The training program and operating and mainte-
nance manuals shall be kept current with changes in equipment
and operating procedures and shall be available for reference
and use at all times.

4.4.2.1.6 Operating procedures shall be directly applicable to
the equipment involved and shall be consistent with safety re-
quirements and the manufacturer’s recommendations.

4.4.2.2 Maintenance Training.

4.4.2.2.1% The owner or owner’s representative shall be re-
sponsible for establishing a formal and ongoing program that is
consistent with the equipment and hazards involved, for training
maintenance personnel to perform all required maintenance
tasks.

4.4.2.2.2 Maintenance procedures and their associated train-
ing programs shall be established to cover routine and special
techniques.

4.4.2.2.3 Environmental factors such as temperature, dusts,
contaminated or oxygen-deficient atmospheres, internal pres-
sures, and limited access or confined space requirements shall
be included in the maintenance procedures.

4.4.2.2.4 Maintenance procedures shall be consistent with
safety requirements and the manufacturer’s recommenda-
tions and shall be kept current with changes in equipment and
personnel.

4.5 Basic Operating Requirements.

4.5.1 Operating procedures with a minimum number of
manual operations shall be established.

4.5.2 Standard operating procedures that result in well-
defined and controlled operations shall be established.

4.5.3 Interlocks shall be provided to ensure correct operating
sequences and to interrupt sequences when conditions are
not correct for continuation.

4.5.4 No interlocks shall be bypassed during start-up or op-
eration of the unit unless the bypass is tagged and is governed
by operating procedures.

4.5.5* Purge and start-up procedures with necessary interlocks
shall be established.

4.5.6 Written operating procedures and detailed checklists
for operator guidance shall be provided for achieving all auto-
matic and manual operating functions.

4.6 Equipment Requirements.

4.6.1* Structural Design. The furnace shall be capable of with-
standing a transient design pressure without permanent de-
formation due to yield or buckling of any support member.

4.6.1.1*% Positive Transient Design Pressure. For all boilers
other than fluidized-bed boilers, the positive transient design
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pressure shall be at least, but shall not be required to exceed,
+8.7 kPa (+35 in. of water).

4.6.1.1.1 For fluidized-bed boilers, the requirements of 7.4.1.1
shall apply.

4.6.1.1.2 For all boilers other than fluidized-bed boilers, if
the test block capability of the forced draft fan at ambient
temperature is less positive than +8.7 kPa (+35 in. of water),
the positive transient design pressure shall be at least, but shall
not be required to exceed, the test block capability of the
forced draft fan.

4.6.1.2* Negative Transient Design Pressure.

4.6.1.2.1 The negative transient design pressure shall be at
least as negative as, but shall not be required to be more nega-
tive than, —8.7 kPa (=35 in. of water).

4.6.1.2.2 Ifthe test block capability of the induced draft fan at
ambient temperature is less negative than —8.7 kPa (=35 in. of
water), for example, —6.72 kPa (—27 in. of water), the negative
transient design pressure shall be at least as negative as, but
shall not be required to be more negative than, the test block
capability of the induced draft fan.

4.6.2 Functional Requirements of Fuel-Burning System. See
also Annex K.

4.6.2.1 Function. The fuel-burning system shall function to
convert continuously any ignitable input into unreactive prod-
ucts of combustion at the same rate that the fuel(s) and air
reactants enter the combustion chamber.

4.6.2.2 Compatibility. The fuel-burning system shall be sized
to meet the operating requirements of the unit, compatible
with other component systems, and capable of being con-
trolled for the full operating range of the unit.

4.6.2.3 System Requirements.

4.6.2.3.1 The fuel-burning system shall provide means for
start-up, operation, and shutdown of the combustion process,
including openings and configurations in the component as-
semblies to allow observation, measurement, and control of
the combustion process.

4.6.2.3.2 The fuel-burning system shall consist of the boiler
or HRSG enclosure and the following subsystems, as appli-
cable: air supplies, fuel supplies, main fuel burning, ignition,
and combustion products removal and reinjection. Each shall
be sized and interconnected to meet the requirements in
4.6.2.3.2.1 through 4.6.2.3.2.5.

4.6.2.3.2.1 The boiler enclosure or HRSG enclosure shall meet
the requirements in 4.6.2.3.2.1(A) through 4.6.2.3.2.1(C).

(A) The enclosure shall be sized and arranged with respect to
the main fuel-burning subsystem so that stable flame is main-
tained.

(B) The enclosure shall be free from “dead pockets” when
prescribed purge procedures are followed.

(C) Observation ports shall be provided to allow visual in-
spection of the combustion chamber, igniter and burner
flames (including the ignition zone), overfire air ports, re-
burn injectors, and stoker grates.

4.6.2.3.2.2 The air supply subsystem shall meet the require-
ments in 4.6.2.3.2.2(A) through 4.6.2.3.2.2(D).
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(A) The air supply equipment shall be sized and arranged to
ensure a continuous airflow for all operating conditions on
the unit.

(B) The arrangement of air inlets, ductwork, and air preheat-
ers shall be designed to minimize contamination of the air
supply by such materials as flue gas, water, and fuel(s).

(C) Drain and access openings shall be provided and shall be
accessible.

(D) The air supply equipment shall be capable of continuing
the required airflow during anticipated combustion chamber
pressure pulsations.

4.6.2.3.2.3 Fuel supplies and main fuel-burning subsystems
shall meet the applicable requirements in Chapters 5 through
10 for specific systems.

4.6.2.3.2.4* The ignition subsystem shall meet the require-
ments of 4.6.2.3.2.4(A) through 4.6.2.3.2.4(M).

(A) The ignition subsystem shall be sized and arranged to
ignite the main burner input within the limitation of the ig-
niter classification as follows:

(1) It shall be verified through testing that the igniters fur-
nished meet the requirements of the class specified in the
design.

(2) Igniters shall be designated as Class 1, Class 2, or Class 3 as
defined in 3.3.82.1, 3.3.82.2, and 3.3.82.3 and as verified
by test.

(B) Class 1 igniters shall be permitted to be used as Class 2 or
Class 3 igniters. Class 2 igniters shall be permitted to be used
as Class 3 igniters.

(C) Where Class 2 igniters are used, the burner shall be oper-
ated under controlled conditions to limit the potential for ab-
normal operation, as well as to limit the charge of fuel in the
event that ignition does not occur during light-off.

(D) Class 2 igniters shall not be used to ignite the main fuel
under uncontrolled or abnormal conditions.

(E) Where Class 3 igniters are used, the igniter shall be
turned off as a part of the burner light-off procedure when the
time trial for ignition of the main burner has expired to en-
sure that the main flame is not dependent on ignition support
from the igniter.

(F) Class 2 igniters shall not be used to extend the turndown
range but shall be permitted to be used to support ignition
under low-load or adverse operating conditions.

(G) Class 3 igniters shall not be used to support ignition or to
extend the burner turndown range.

(H) Class 3 special igniters shall not be used unless supervi-
sion of the individual main burner flame is provided. Class 3
special igniters shall be permitted to be used without supervi-
sion of the individual main burner flame while the main
burner is being scavenged.

(I) Where Class 1 and Class 2 igniters are used, the tests de-
scribed in 6.6.3.2.2, 6.7.3.2.2, and 6.8.3.3.2 shall also be per-
formed with the ignition subsystem in service to verify that the
igniters furnished meet the requirements of the class specified
in the design. This procedure results in extended turndown
range when Class 1 igniters are in service and flame is proved.

(J) Tests shall be performed to determine transient limits in
the ignition air and fuel supplies or in the main air and fuel
supplies that do not extinguish the igniter flame or reduce the
igniter’s ability to perform its intended function or adversely
affect other burners and igniters in operation.

(K) Igniters shall be permanently installed under the follow-
ing conditions:

(1) They shall be supervised to verify that the requirements of
4.6.2.3.2.4(A) and 4.6.2.3.2.4(B) are met.

(2) This supervision shall include igniter capacity and indi-
vidual igniter flame monitoring.

(3) The capacity shall be measured by igniter header pressure
as a minimum.

(4) On single burner boilers, igniters shall not require super-
vision of igniter capacity.

(L) The ignition equipment shall be located in an environ-
ment free of excessive heat and accessible for maintenance.

(M) All igniter safety shutoff valves shall be located to mini-
mize the volume of fuel that is downstream of the valve in the
individual igniter fuel lines or that could flow by gravity into
the combustion chamber after an emergency shutdown or a
burner shutdown.

4.6.2.3.2.5 The combustion products removal subsystem
shall meet the following requirements:

(1) The flue gas ducts, fans, and stack shall be sized and ar-
ranged to remove the products of combustion at the same
rate at which they are generated by the fuel-burning pro-
cess during operation of the unit.

(2) Drain and access openings shall be provided and shall be
accessible.

(3) The flue gas ducts shall be designed so that they do not
contribute to combustion chamber pulsations.

(4) Components common to more than one boiler or HRSG
shall not limit the rate of removal of products of combustion
generated during the operation of all boilers or HRSGs.

(5) Boilers that share a common component between the fur-
nace outlet and the stack shall have provisions to bypass
the common component for unit purge.

(6) Where the common component does not contain a pos-
sible ignition source, a bypass shall not be required.

4.6.2.3.3 Multiple Boilers.

4.6.2.3.3.1 Where multiple boilers are supplied from the
same fuel supply source, there shall be a means of manual
isolation for each boiler.

4.6.2.3.3.2 Dedicated safety shutoff valving, with related alarm,
interlock, and control instrumentation, shall be provided for
each boiler.

4.6.2.4 Gaseous Vent System Requirements.

4.6.2.4.1* The discharge from atmospheric vents shall be lo-
cated so that there is no possibility of the discharged gas being
drawn into a combustion air intake, ventilating system, or win-
dows of the boiler or HRSG room or adjacent buildings and
shall be extended above the boiler or HRSG and adjacent
structures so that gaseous discharge does not present a hazard.

4.6.2.4.2 Vent line sizes and vent valve port diameters shall
not be less than the values shown in Table 4.6.2.4.2.
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Table 4.6.2.4.2 Vent Sizes

Minimum Vent
Nominal Pipe Size

Fuel Line
Nominal Pipe Size

<1% Y4
2 1
2% to 3 1Y4
3% 1%
4tob 2
6 2V
3
8 3%
>8 15% of the

cross-sectional
area of the pipe

4.6.2.4.3 The ventlines from individual burners shall be per-
mitted to be manifolded together, and vent lines from indi-
vidual igniters shall be permitted to be manifolded together.

(A) Burnervents shall not be manifolded with igniter vents or
lance vents in any combination.

(B) Header vents shall be permitted to be manifolded with
other header vents only where they are operated and tripped
in parallel.

(C) Vents of headers served from different pressure-reducing
stations shall not be manifolded.

(D) Vent systems of different boilers or HRSGs shall not be
manifolded.

(E) Vents of systems operating at different pressure levels
shall not be manifolded.

(F) Vents of systems using different fuel sources shall not be
manifolded.

4.6.2.4.4 The crosssectional area of the manifold line shall
not be less than the greater of the following:

(1) The cross-sectional area of the largest vent plus 50 per-
cent of the sum of the cross-sectional areas of the addi-
tional vent lines

(2) The sum of the cross-sectional areas of the two largest vent
lines

4.6.2.5 Fuel Gas Piping Systems. Gas piping material and sys-
tem design shall be in accordance with NFPA 54, National Fuel
Gas Code (for gas piping inside industrial and institutional
buildings), ASME B31.1, Power Piping (for gas piping in power
applications), or ASME B31.3, Process Piping (for gas piping in
process applications).

4.6.2.6 Fuel Oil Piping Systems. Oil piping materials and sys-
tem design shall be in accordance with NFPA 31, Standard for the
Installation of Oil-Burning Equipment (for oil piping inside indus-
trial or institutional buildings), ASME B31.1, Power Piping (for oil
piping in power applications), or ASME B31.3, Process Piping (for
oil piping in process applications).

4.6.3 Burner Management System Logic.

4.6.3.1 General Requirements.

4.6.3.1.1 The burner management system logic shall provide
outputs in a particular sequence in response to external in-
puts and internal logic.
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4.6.3.1.2 The logic system for burner management shall be
designed specifically so that a single failure in that system does
not prevent an appropriate shutdown.

4.6.3.2* Specific Requirements.

4.6.3.2.1 General. As a minimum, the requirements of
4.6.3.2.1 through 4.6.3.2.9 shall be included in the design to
ensure that a logic system for burner management meets the
intent of these requirements.

4.6.3.2.2*% Alarms. Alarms shall be generated to indicate equip-
ment malfunction, hazardous conditions, and misoperation.

4.6.3.2.3 Failure Effects. The logic system designer shall evalu-
ate the failure modes of components, and as a minimum the
following failures shall be evaluated and addressed:

(1) Interruptions, excursions, dips, recoveries, transients, and
partial losses of power
(2) Memory corruption and losses
(3) Information transfer corruption and losses
(4) Inputs and outputs (fail-on, fail-off)
(b) Signals that are unreadable or not being read
(6) Failure to address errors
(7) Processor faults
(8) Relay coil failure
(9) Relay contact failure (fail-on, fail-off)
(10) Timer failure

4.6.3.2.4 Design. The design of the logic system for burner
management shall include and accommodate the following
requirements:

(1) Diagnostics shall be included in the design to monitor
processor logic function.

(2) Logic system failure shall not preclude proper operator
intervention.

(3) Logic shall be protected from unauthorized changes.

(4) Logic shall not be changed while the associated equip-
ment is in operation.

(5) System response time (throughput) shall be short to pre-
vent negative effects on the application.

(6) Protection from the effects of noise shall prevent false
operation.

(7) No single component failure within the logic system shall
prevent a mandatory master fuel trip.

(8) The operator shall be provided with a dedicated manual
switch (es) that shall actuate the master fuel trip relay in-
dependently and directly.

(9) Atleast one manual switch referenced in 4.6.3.2.4(8) shall
be identified and located remotely where it can be
reached in case of emergency.

4.6.3.2.5 Requirement for Independence.

(A) The burner management system shall be provided with
independent logic, independent input/output systems, and
independent power supplies and shall be a functionally and
physically separate device from other logic systems, such as the
boiler or HRSG control system.

(B) For single burner boilers, boiler control systems shall be
permitted to be combined with the burner management sys-
tem only if the fuel/air ratio is controlled externally from the
boiler control system (e.g., locked fuel/air ratio with mechanical
positioning—type system).
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(C) The burner management safety functions shall include,
but shall not be limited to, purge interlocks and timing, man-
datory safety shutdowns, trial timing for ignition, and flame
monitoring.

(D) The logic system shall be limited to one steam generator.

(E) The same hardware type used for burner management
systems shall be permitted to be used for other logic systems.

(F) Data highway communications between the burner man-
agement system and other systems shall be permitted.

(G) Signals that initiate mandatory master fuel trips shall be
hard wired.

4.6.3.2.6 Momentary Closing of Fuel Valves.

4.6.3.2.6.1 Logic sequences or devices intended to cause a
safety shutdown, once initiated, shall cause a burner or master
fuel trip, as applicable, and shall require operator action prior
to resuming operation of the affected burner(s).

4.6.3.2.6.2 No logic sequence or device shall be permitted
that allows momentary closing and subsequent inadvertent re-
opening of the main or ignition fuel valves.

4.6.3.2.7 Circuit Devices. No momentary contact or automatic
resetting device, control, or switch that can cause chattering or
cycling of the safety shutoff valves shall be installed in the wiring
between the load side (terminal) of the primary or programming
control and the main or ignition fuel valves.

4.6.3.2.8 Documentation. Documentation shall be provided
to the owner and the operator, indicating that all safety de-
vices and logic meet the requirements of the application.

4.6.3.2.9 Programmable Logic Controllers.

4.6.3.2.9.1 Programmable logic controllers, if used, shall be
monitored by external watch-dog timers.

4.6.3.2.9.2 If a watch-dog timer trips, a master fuel trip for
boilers or a duct burner trip for HRSGs shall then occur.

4.6.4 Flame Monitoring and Tripping Systems. Additional re-
quirements concerning flame detection associated with each
type of steam generator covered by this code are given in the
respective chapters.

4.6.4.1 Functional Requirements. The basic requirements of
any flame monitoring and tripping system shall be as follows:

(1) Combustion instability situations shall be brought to the
attention of the operator for remedial action.

(2) An emergency shutdown of the involved equipment shall
be automatically initiated upon detection of serious com-
bustion problems that will lead to the accumulation of
unburned fuel.

4.6.4.2 Flame Detection.
4.6.4.2.1 Flame Detector Sighting.

4.6.4.2.1.1 Flame detector sighting shall be a factor in the
initial design.

4.6.4.2.1.2 Field tests shall be required to establish optimum
sighting angles of burners or nozzles and to check the effective
angular range of flame detectors in relation to burners or
nozzles.

4.6.4.2.2 Clean Air Supply. Clean air, where necessary, shall
be supplied to minimize problems with dirty detector lenses.

4.6.4.2.3 Self-Checking of Flame Detectors. Where flame-
sensing detectors can fail in the flame-proven mode, self-
checking features shall be provided to ensure that the failure
of any single component cannot result in a false indication of
flame.

4.6.4.2.4* Reduced Emissions Control Effects.

4.6.4.2.4.1 Flame detector selection, sighting, and location
shall be re-evaluated in accordance with 4.6.4.2 following
implementation of methods or installation of equipment to
reduce the emission of air pollutants.

4.6.4.2.4.2 When changes made to reduce the emission of air
pollutants affect flame characteristics, main burners shall be
tested for the limits of stable flame.

4.6.4.3 System Objectives.

4.6.4.3.1 System objectives shall be developed that include
those requirements that are specifically related to the combus-
tion conditions typical for particular combustion chamber con-
figurations, burner or firing systems, and fuel characteristics.

4.6.4.3.2 Such objectives shall be consistent with the individual
manufacturer’s design philosophy.

4.6.5* Combustion Control System.
4.6.5.1 Functional Requirements.

4.6.5.1.1 The combustion control system shall regulate the
inputs into the combustion chamber to ensure continuous
combustion and stable flame under all operating conditions.

4.6.5.1.2 Draft control, where applicable, shall be coordi-
nated with the combustion control system.

4.6.5.1.3* On multiple burner boilers, equipment shall be
provided and procedures shall be established to maintain the
air-fuel ratio within design limits at each burner.

4.6.5.1.3.1 The equipment and procedures shall not be re-
quired to be a part of the combustion control system.

4.6.5.1.4 Boiler or HRSG control systems shall be permitted
to be combined for more than one boiler or HRSG where
separated from the burner management system.

4.6.5.2 System Requirements.

4.6.5.2.1 Under no circumstances shall the airflow demand
be less than the purge rate.

4.6.5.2.2 For single burner boilers, airflow demand shall not
be reduced below the low limit of the fuel-burning system as
determined by the burner manufacturer and verified by oper-
ating test.

4.6.5.2.3 The fuel demand shall not increase the fuel in-
put(s) above the available airflow.

4.6.5.2.4 Airflow demand shall not reduce airflow below that
required by the actual fuel input(s).

4.6.5.2.5 The fuel demand shall not exceed the capability of
the operating draft fans.

4.6.5.2.6 If the loss or shutdown of a draft fan causes the fuel
demand to be greater than the capacity of the fans in service,
the fuel(s) shall be rapidly reduced to a value that can be
accommodated.
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4.6.5.2.7 Measurements.

4.6.5.2.7.1 Measurements used in the combustion control
system shall be accurate and reproducible to maintain stable
firing conditions.

4.6.5.2.7.2 Pressure, temperature, density, and/or viscosity
corrections shall be employed, as applicable, to meet the re-
quirement of 4.6.5.2.7.1.

4.6.5.2.8 Where multiple fuels are fired, the fuel inputs shall
be totalized on the basis of their relative heat values.

4.6.5.2.9 The total heat input to a given burner or combus-
tion zone shall not exceed the maximum limits specified by
the boiler or HRSG manufacturer.

4.6.5.2.10* Means shall be provided to enable the operator to
adjust the airfuel ratio for all boilers consistent with the fuel(s)
being fired.

4.6.5.2.11 The equipment selection and the design of the
combustion control system shall facilitate the on-line cali-
bration, testing, and maintenance requirements described
in 4.4.1.

4.6.5.2.12 The rate of increase of reburn fuel injection shall
not exceed the response capability of the main combustion
control system.

4.6.5.3 Additional Requirements.

4.6.5.3.1 Any logic commands from the burner management
system shall take precedence over the combustion control sys-
tem.

4.6.5.3.2 Where applicable, automatic control of airflow shall
not be permitted unless the draft control is maintained in au-
tomatic control.

4.6.5.3.3* Automatic Control.

4.6.5.3.3.1 Automatic control of the fuel input(s) shall not be
permitted unless the airflow is maintained in automatic control.

4.6.5.3.3.2 For HRSGs designed and operated in accordance
with Chapter 8, automatic control of fuel inputs shall be per-
mitted without automatic control of airflow.

4.6.5.3.4 The combustion control system shall neither auto-
matically increase nor decrease a fuel input beyond the fuel-
burning system’s operating range as determined by the manu-
facturer and verified by operating test.

4.6.5.3.5 The combustion control system shall not reduce the
fuel feed to a pulverizer below the minimum feed rate estab-
lished by the pulverizer manufacturer for the manufacturer’s
specified design fuel.

4.6.5.3.5.1 For fuels with ignition characteristics different
from those of the manufacturer’s design fuel, the combustion
control system shall not reduce the fuel feed rate below the
value that ensures stable and self-sustaining combustion at the
burners served by the pulverizer.

4.6.5.3.5.2 The minimum feed rate shall be determined by
operational tests for fuels not conforming to the fuel specifi-
cations used by the manufacturer in the design of the pulver-
izer system.

4.6.6 Power Supplies. Precautions shall be taken to ensure
the availability of a failure-free power supply (electric or pneu-
matic) to all control and safety devices.
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4.6.7 Operating Information.

4.6.7.1 As a minimum, continuous trend display of steam
flow, feed water flow rate, total fuel flow rate, and total airflow
rate as a percentage of the maximum unit load, drum level,
final steam temperature, main steam pressure, and furnace or
combustion chamber draft shall be simultaneously available at
the operating location.

4.6.7.1.1 For single burner package boilers, minimum con-
tinuous trend display shall include steam flow, airflow,
drum level, steam pressure, and, where applicable, the fur-
nace draft.

4.6.7.2 Alarms and indicators shall be grouped operationally
and shall be visible to the operator to allow access to opera-
tional devices.

4.6.7.3 All emergency alarm indicators, push buttons, and
selector switches shall be visible to the operator, labeled
clearly, and protected to avoid inadvertent actuation.

4.6.7.4 All control functions shall be grouped for accessi-
bility and in proximity to their associated alarm and indica-
tion devices.

4.6.7.5* Where video display units (VDUs) are used, data shall
be displayed on monitor screens in a logical, operational
grouping to minimize the number of keystroke operations
needed to respond to system upsets.

4.6.7.6 Where VDUs are used, alarm functions shall be priori-
tized to appear on the monitor screen upon being sensed,
regardless of any information already displayed.

4.6.8* Selective Catalytic Reduction.

4.6.8.1 Where selective catalytic reduction (SCR) systems are
selected for NO, emission control, they shall be integrated
into the boiler system or HRSG design to operate in the flue
gas temperature range required.

4.6.8.2 Areas in which either anhydrous or aqueous ammo-
nia is stored or piped shall be ventilated to preclude toxic or
flammable concentration.

4.6.8.3 Areas in which anhydrous ammonia is stored or piped
shall meet the requirements of ANSI K61.1, Safety Requirements
for the Storage and Handling of Anhydrous Ammonia.

4.7 Commissioning.

4.7.1 The boiler, HRSG, or pulverized fuel system shall not be
released for operation before the installation and checkout of
the required safeguards and instrumentation system have
been successfully completed.

4.7.2 The party responsible for the erection and installation
of the equipment shall ensure that all pertinent apparatus is
installed and connected in accordance with the system design.

4.7.3 The owner or owner’s representative, the engineering
consultant, the equipment manufacturer, and the operating
company shall prohibit operation until the safeguards have
been tested for correct operation as a system.

4.7.3.1 If temporary interlocks and instrumentation are nec-
essary to meet these requirements, any such temporary system
shall be reviewed by the purchaser, the engineering consult-
ant, the equipment manufacturer, and the operating com-
pany, and agreement shall be reached on the system’s ability
to protect equipment and personnel in advance of start-up.
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4.7.3.2 All temporary modifications shall be documented,
and permanent resolutions shall be accomplished prior to
commercial operation.

4.7.4 The safety interlock system and protective devices shall
be tested jointly by the organization responsible for the system
design and those who operate and maintain such a system and
devices.

4.7.5 After installation but before initial operation, coordi-
nated tests of all systems shall be accomplished.

4.7.6 Documentation of the plant equipment, the system,
and maintenance activities shall be updated to reflect changes
in the status of equipment and operating procedures.

Chapter 5 Single Burner Boilers

5.1 Application.

5.1.1 This chapter shall be used in conjunction with Chapters
1 through 4 and requires the coordination of operation pro-
cedures, control systems, interlocks, and structural design.

5.1.2 Where conflicts exist, the requirements of Chapter 5
shall apply.

5.1.3 All safety shutoff valves, safety interlock devices, valve-
proving systems, and flame detection systems shall be listed or
approved.

5.2 Purpose. The purpose of this chapter shall be to establish
minimum requirements for the design, installation, operation,
and maintenance of single burner boilers, their fuel-burning sys-
tems, and related systems to contribute to safe operation and, in
particular, to the prevention of furnace explosions.

5.3 Equipment Requirements.
5.3.1 Fuel Supply — Oil.

5.3.1.1 Fuel shall be stored, prepared, and delivered to the
oil service connection under anticipated operating conditions
in accordance with the applicable portions of NFPA 31, Stan-
dard for the Installation of Oil-Burning Equipment.

5.3.1.2 Operation of the burner shall not be attempted until
a continuous fuel supply is assured.

5.3.1.3 Fuel shall be delivered continuously to the combus-
tion chamber in a finely atomized form that can be ignited
readily and consumed.

5.3.1.4 All equipment that is associated with pumping, heat-
ing, and straining the fuel from storage to the service connec-
tion shall be designed, sized, and interconnected so as to pro-
vide a suitable fuel supply over a full range of conditions.

5.3.1.5 Relief valves shall be installed after the pump to pre-
vent overpressure in the system.

5.3.1.6 Fuel being burned shall be delivered to the burner
at the temperature and pressure specified by the burner
manufacturer.

5.3.1.7 Where the fuel must be heated, the interlocks and
instruments shall reflect the correct values of the variable be-
ing measured, particularly in dead-end lines where heavy oil
will tend to solidify.

5.3.1.8 Oil Supply.

5.3.1.8.1 The operation of a burner system that has the
capability to burn heated and unheated oils shall include a
procedure to ensure that the specified grade of oil, compat-
ible with the selected mode of operation, is being supplied
to the burner.

5.3.1.8.2 Precautions shall include the intended routing of
recirculated oil.

5.3.1.9* Two safety shutoff valves in series, each with proof of
closure switch, shall be provided in the oil line to the main
burner.

5.3.1.10  Where pressure can develop in excess of the valve
or piping rated pressure(s), the piping design shall include
a means to prevent or relieve excess pressure between the
valves.

5.3.1.11 Oil piping materials and system design shall be in
accordance with NFPA 31, Standard for the Installation of Oil-
Burning Equipment (for oil piping inside industrial or institu-
tional buildings), ASME B31.1, Power Piping (for oil piping in
power applications), or ASME B31.3, Process Piping (for oil pip-
ing in process applications).

5.3.2%* Fuel Supply — Gas.

5.3.2.1 The gas supply at the gas service connection shall be
controlled at the pressure for which the fuel-burning system
had been designed.

5.3.2.2 Gas piping shall be sized to maintain the desired con-
stant pressure for maximum burner flow.

5.3.2.3* Two safety shutoff valves in series, each with proof of
closure switch, shall be provided in the gas line to the main
burner, and an automatic vent valve shall be provided between
the two valves or two safety shutoff valves in series, each with
proof of closure switch, supervised by a listed automatic valve-
proving system.

5.3.2.3.1 Valve proving shall be performed either after every
burner shutdown or prior to every burner light-off.

5.3.2.4 Foreign matter such as welding beads, chips, scale,
dust, and debris shall be removed from the gas piping.

5.3.2.5 A drip leg shall be provided in the gas piping. (See
A.5.3.23and A.5.3.4.1.)

5.3.2.6 Gas piping material and system design shall be in ac-
cordance with NFPA 54, National Fuel Gas Code (for gas piping
inside industrial and institutional buildings), ASME B31.1,
Power Piping (for gas piping in power applications), or ASME
B31.3, Process Piping (for gas piping in process applications).

5.3.2.7 Valve Leakage Test.

5.3.2.7.1 Permanent means shall be provided for making
valve leakage tests of the main burner gas safety shutoff valves.

5.3.2.7.2 Valve leakage tests of the main safety shutoff valves
shall be conducted at least annually.

5.3.3 Alternate Fuel Firing.

5.3.3.1 Manual Fuel Selection. Where oil and gas are to be
burned alternately, a manual fuel selector switch shall be pro-
vided to permit operation of the necessary interlocks, fuel
safety shutoff valves, and controls for the fuel to be fired.
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5.3.3.2 Automatic Fuel Selection.

5.3.3.2.1 Where oil and gas are to be burned alternately, an
automatic change from one fuel to the other shall be accom-
plished only after a shutdown.

5.3.3.2.2 Provisions for manual changeover of the system
shall be provided in accordance with 5.3.3.1 and Section 5.7.

5.3.3.2.3 For simultaneous firing of oil and gas fuels, Section
5.6 shall apply.

5.3.4 Fuel-Burning Equipment.
5.3.4.1%* Ignition.

5.3.4.1.1 The main burner shall be equipped with a perma-
nently installed igniter.

5.3.4.1.1.1 Class 1 Igniter.

(A) Where a Class 1 igniter is used, the main burner flame
shall be proven by a flame detector.

(B) Either the main flame or the igniter flame shall be proven.
5.3.4.1.1.2 Class 2 Igniter.

(A) Where a Class 2 igniter is used, it shall not be used to
ignite main fuel under uncontrolled or abnormal conditions.

(B) The burner shall be operated under controlled condi-
tions to limit the potential for abnormal operation as well as to
limit the charge of fuel to the furnace in the event that igni-
tion does not occur during light-off.

(C) If the Class 2 igniter is not shut down once the main
flame sequence is successfully completed, then the main
burner flame shall be proven by a flame scanner indepen-
dently of the igniter.

5.3.4.1.1.3 Class 3 Igniter.

(A)* Where a Class 3 igniter is used, the igniter shall be shut
down as a part of the burner light-off procedure when the time
trial for ignition of the main burner has expired.

(B) The use of such igniters to support ignition or to extend
the burner control range shall be prohibited.

(C) The main flame shall be proven by a flame scanner.

5.3.4.1.1.4 Class 3 Special Igniter. Where a Class 3 special ig-
niter is used, the main burner flame shall be proven by a flame
scanner.

5.3.4.1.2 The igniter flame or arc shall impinge on the main
burner air-fuel mixture and shall supply sufficient ignition en-
ergy to provide immediate ignition of all fuel discharge from
the main burner under light-off conditions.

5.3.4.1.3* Igniter Safety Shutoff Valves. Two safety shutoff
valves in series shall be provided in the gas line to the igniter,
and an automatic vent valve shall be provided between the two
valves, or two safety shutoff valves in series, supervised by a
listed automatic valve-proving system. (See Figure A.5.3.4.1.)

5.3.4.1.3.1 Valve-proving shall be performed either after ev-
ery burner shutdown or prior to every burner light-off.

5.3.4.1.4 The igniter shall be designed for periodic removal,
cleaning, and maintenance.
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5.3.4.2 Main Burner.

5.3.4.2.1 The main burner shall direct the fuel and air into
the furnace so as to provide a stable flame and efficient com-
bustion over its entire operating range.

5.3.4.2.2 The limits of stable flame for the burner shall be
determined by tests.

5.3.4.2.2.1 These tests shall be performed without the igniter
in service and shall include the intended range and grade of
fuel(s).

5.3.4.2.2.2% The tests shall verify that transients that are gen-
erated in the fuel and air systems do not adversely affect
burner operation.

5.3.4.2.3 Each manual adjustment feature on the burner
shall be provided with means for securing it in its intended
position.

5.3.4.2.4 The atomizing equipment for oil burners shall be
designed for periodic removal, cleaning, and maintenance.

5.3.4.2.5 Any procedure for clearing the atomizer and piping
into the furnace prior to shutdown shall be accomplished
while the fan is operating and the igniter is re-established or
the main flame is proven continuously during this operation.

5.3.4.2.6 Clearing of the oil passages of the atomizer into the
furnace immediately after a shutdown shall be prohibited.

5.3.4.3 Atomizing Medium for Oil Burners.

5.3.4.3.1 Where the fuel is to be atomized with the assistance of
another medium, this atomizing medium shall be supplied free
of contaminants that could cause an interruption of service.

5.3.4.3.2 The atomizing medium shall be provided at the pres-
sure and temperature specified by the burner manufacturer.

5.3.4.3.3 Provisions shall be made to ensure that fuel cannot
enter the atomizing medium line during or after operation.

5.3.4.4 Combustion Air Supply.

5.3.4.4.1 The combustion air supply equipment shall be ca-
pable of supplying combustion air for the optimum air-fuel
ratio over the entire operating range of the burner.

5.3.4.4.2 Provisions shall be made for periodic cleaning of
the combustion air supply equipment.

5.3.4.4.3 The requirements for the availability of combustion
air shall be determined from NFPA 31, Standard for the Installa-
tion of Oil-Burning Equipment, and NFPA 54, National Fuel Gas
Code.

5.3.4.4.3.1 Louvers and grilles shall be fixed in the open po-
sition or interlocked with the equipment so that they are
opened automatically or manually during equipment opera-
tion. The interlock shall be placed on the driven member.

5.3.4.4.3.2 Fans supplying air to the boiler room for combus-
tion shall be interlocked with the burner so that airflow is
proven during equipment operation.

5.3.4.5 Furnace. The furnace shall be designed to promote
main burner stability while minimizing zones that cannot be
purged.
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5.3.4.6 Combustion Products Removal.

5.3.4.6.1* The outlet draft equipment shall be capable of re-
moving combustion products without adversely affecting
stable flame conditions.

5.3.4.6.2 Where two or more boilers are connected to a com-
mon stack, each connection shall be equipped with a damper
system.

(A) All boiler outlet dampers shall be equipped with acces-
sible operating and locking devices.

(B) This equipment shall be compatible with the combustion
control system of the boiler.

(C) Interlocks shall be provided to prevent firing against a
closed damper.

(D) Provisions shall be made to prevent rendering the inter-
lock nonfunctional by one of the following means if the link-
age becomes disconnected:

(1) Placing the interlock on the driven member
(2) Utilizing a furnace pressure switch
(3) Other approved means

(E) Dampers shall not be required on the outlet of boilers of
a type in which maintenance operations are performed from
outside the boiler.

5.3.5* Combustion Control System.

5.3.5.1 The combustion control system shall be installed in
accordance with the requirements of 4.6.5.1.

5.3.5.2 The combustion control system shall maintain air-fuel
mixtures at pre-established ratios throughout the operating
range of the burner and during changes in the firing rate.

5.3.5.3* The system shall provide limits on fuel and air to pre-
vent reducing furnace input below the point of stable burner
operation.

5.3.5.4 The minimum and maximum points of stable burner
operation shall be defined by the burner manufacturer and
verified by operational tests.

5.3.6 Interlock System.

5.3.6.1 The system shall be equipped with a method of deter-
mining the operating state of each interlock without disassem-
bling any of the interlock devices.

5.3.6.2 FEach interlock shall be provided with a method of
establishing the set point that shall be repeatable within pre-
scribed limits.

5.3.6.3 Interlock devices shall be designed for anticipated
environmental conditions, such as temperature, humidity, vi-
bration, and corrosive agents.

5.3.6.4 Bypass.

5.3.6.4.1 The interlocks on the low water cutouts shall be
permitted to be bypassed for blowdown purposes only.

5.3.6.4.2 The bypass of 5.3.6.4.1 shall be of a type that is tem-
porarily held during blowdown.

5.3.6.4.3 Interlocks shall not be bypassed manually at any
time during normal operation.

5.3.6.4.3.1 Interlocks shall be permitted to be bypassed as
allowed by 5.3.6.4, 5.4.3.2.1(4), and 5.4.3.3.1(4).

5.3.6.5% Each safety control ac circuit shall be two wires, one
side grounded, and shall be protected with a suitable fuse or
circuit breaker in the hot side only.

5.3.6.6 Safety Control dc Circuits.

5.3.6.6.1 Safety control dc circuits shall be arranged as called
for in 5.3.6.5 where grounding is possible.

5.3.6.6.2 Where grounding is not possible and the circuit
voltage exceeds 50 volts, the circuit shall have switching con-
tacts in one side of the line and shall be provided with ground-
fault circuit interrupters.

5.3.7 Flame Safety Shutdown System.

5.3.7.1 The response time from flame failure to de-energization
of the safety shutoff valves shall not exceed 4 seconds.

5.3.7.2 The response time from de-energization of the safety
shutoff valves to full closure shall not exceed 1 second.

5.3.7.3 Where flame-sensing detectors can fail in the flame-
proven mode, self-checking features shall be provided unless
the burner is operated for periods less than 24 hours and the
burner management system includes a safe-start component
check feature.

5.3.7.4 Asafe-start component checking feature shall include
a circuit incorporated in the burner management system that
prevents light-off if the flame-sensing relay is in the flame-
present position due to component failure or due to the pres-
ence of actual or simulated flame.

5.3.8 Electrical Equipment.

5.3.8.1* All electrical equipment and wiring shall conform to
NFPA 70, National Electrical Code.

5.3.8.2 Special fuels or applications could require compo-
nents for hazardous location and shall be reviewed during the
design of the system.

5.3.9% Gas and Oil Firing: Special Problems. Systems installed
or designed to reduce NO, emissions shall be evaluated to
ensure that the performance of flame safety and combustion
control systems are not impaired.

5.4 Starting of a Cold Boiler.
5.4.1 General.

5.4.1.1 Starting of a cold boiler shall be accomplished in con-
formance with the manufacturer’s recommendations.

5.4.1.2 In no case shall a boiler that has been taken out of
service for maintenance, repair, or extended shutdown be
started from a cold condition without a trained operator
present.

5.4.1.3 Start-Up Procedures.

(A) Applicable start-up procedures for the provided boiler
shall be followed.

(B) The firing rate shall be limited in accordance with the
boiler manufacturer’s instructions.

5.4.2 Gas-Fired Boilers. The procedures of Section 5.5 shall
be followed for starting a cold gas-fired boiler.
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5.4.3 Oil-Fired Burners. When steam is not available for heat-
ing oil, as an atomizing medium, or for driving auxiliary equip-
ment, one of the starting methods described in 5.4.3.1,5.4.3.2,
or 5.4.3.3 shall be used.

5.4.3.1 Auxiliary Air Atomizing of Oil. When auxiliary air at-
omizing of oil is used for a cold start-up, all the equipment,
facilities, and procedures listed in 5.4.3.1.1, 5.4.3.1.2, and
5.4.3.1.3 shall be required.

5.4.3.1.1 Required Equipment. The following equipment
shall be required:

(1) Forced draft (FD) fan

(2) Approved auxiliary oil heater for start-up fuel flow with a
capacity not less than that required for minimum fire with
stable flame (only for fuel oils that require heating)

(8) Check valves in steam and air lines to the atomizer

5.4.3.1.2* Required Facility. An alternate atomizing air supply
shall be required.

5.4.3.1.3 Starting Procedure. The following procedural steps
shall be followed:

(1) Circulate and heat oil, using auxiliary heater and recircu-
lating system, to satisfy all interlocks, where included.

(2) Follow the prefiring and light-off cycles as described in
Section 5.5, using air as the atomizing medium.

(3) Set combustion control at the light-off firing rate.

(4) When steam pressure has reached the point required for
heating and atomizing the oil, shut down in accordance
with the normal shutdown procedure described in Sec-
tion 5.5.

(5) Close the atomizing air supply and open the atomizing
steam supply, making certain that dry steam is available.

(6) Change over from auxiliary oil heater to steam oil heater.

(7) Continue the boiler start-up sequence.

5.4.3.2 Auxiliary Mechanical Atomizing of Heavy Oil. When
auxiliary mechanical atomizing of heavy oil is used for a cold
start-up, all the equipment, facilities, and procedures in 5.4.3.2.1
and 5.4.3.2.2 shall be required.

5.4.3.2.1 Required Equipment. The following equipment and
facilities shall be required:

(1) FD fan

(2) Approved auxiliary oil heater for start-up fuel flow with a
capacity not less than that required for minimum fire with
stable flame

(8) Mechanical atomizer

(4) Means to bypass atomizing medium interlocks. The by-
passed interlocks shall be made evident to the operator by
means of warning devices.

5.4.3.2.2 Starting Procedure. The following procedural steps
shall be followed:

(1) Circulate and heat oil using auxiliary heater and recircu-
lating systems to satisfy oil interlocks, where included.

(2) Bypass atomizing medium interlocks. [See 5.4.3.2.1(4).]

(3) Insert mechanical atomizer.

(4) Follow the prefiring and light-off cycles as described in
Section 5.5.

(5) Set combustion control at the light-off firing rate.

(6) When steam pressure has reached the point required for
heating and atomizing the oil, shut down in accordance
with the normal shutdown procedure as described in
Section 5.5.

2004 Edition

(7) Remove the mechanical atomizer.
(8) Insert the steam atomizer.
(9) Make the atomizing medium interlocks operable and
place into service.
(10) Change over from auxiliary oil heater to steam oil heater.
(11) Continue the boiler start-up sequence.

5.4.3.3 Auxiliary Mechanical Atomizing of Light (Unheated)
Oil. When auxiliary mechanical atomizing of light (unheated)
oil is used for a cold start-up, all the equipment, facilities, and
procedures in 5.4.3.3.1 through 5.4.3.3.3 shall be required.

5.4.3.3.1 Required Equipment. The following equipment shall
be required:

(1) FD fan

(2) Mechanical atomizer

(3) Check valves in the heavy and light oil lines

(4) Means to bypass atomizing medium interlocks. The by-
passed interlocks shall be made evident to the operator by
means of warning devices.

5.4.3.3.2 Required Facility. A light oil supply shall be required.

5.4.3.3.3 Starting Procedure. The following procedural steps
shall be followed:

(1) Shut off heavy oil to the system.

(2) Insert the mechanical atomizer.

(3) Bypass oil and atomizing medium interlocks. [See
5.4.3.3.1(4).]

(4) Open the light oil supply into the system.

(5) Follow prefiring and light-off cycles described in Sec-
tion 5.5.

(6) Set combustion control at the light-off rate.

(7) When steam pressure has reached the point required for
heating and atomizing the oil, shut down in accordance
with the normal shutdown procedure as described in
Section 5.5.

(8) Shut off the light oil supply to the system.

(9) Remove the mechanical atomizer.

(10) Insert the steam atomizer.

(11) Make the oil and atomizing medium interlocks operable
by removing bypasses.

(12) Open the heavy oil supply to the system.

(13) Continue the boiler start-up sequence.

5.5 Operating Systems.

5.5.1* General. This section shall be used to define require-
ments for automatic recycling and automatic nonrecycling op-
erating systems.

(A) Manual systems shall not be installed for new installations
or major alterations.

(B) Different arrangements shall be permitted if they provide
protection and meet the intent of this code. (See Figure A.5.3.1.9,
Figure A.5.3.2.3, and Figure A.5.3.4.1 for typical arrangements. )

5.5.2 Automatic (Recycling) Systems for Watertube Boilers.

5.5.2.1 An automatic (i.e., recycling) unit shall not be started
from a cold condition unless a trained operator is present.

5.5.2.2 This section shall be based on the premise that the
unit is hot and that steam pressure and operating water level
shall have been established.
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5.5.2.3 The fuel to be fired shall have been manually selected.

5.5.2.4 The alternate fuel system shall be placed in a nonfir-
ing condition, and the manual burner valve (s) shall be closed.

5.5.2.5 An igniter as specified in 5.3.4.1.1 shall be provided.

5.5.2.6 An automatic (i.e., recycling) unit shall recycle on
high steam pressure, high water temperature, or low water
level (not determined by the auxiliary low water cutout) and
perform four major functions as follows:

(1) Prefiring cycle

(2) Light-off cycle

(3) Modulation, where provided
(4) Shutdown cycle

5.5.2.6.1 Prefiring Cycle. The prefiring cycle shall accomplish
the following steps in the listed order, and the order of steps
(5), (6), and (7) in the sequence shall be permitted to vary:

(1) Prove the main fuel safety shutoff valves are closed.

(2) Prove no flame is present at the burner.

(3) Start the fan.

(4) Satisfy the fan interlock.

(5) Where an atomizing medium is used and if not already
on, admit medium to main burner.

(6) Where an atomizing medium is used, satisfy the atomiz-
ing medium interlocks.

(7) Satisfy fuel interlocks.

(8) Prove the purge airflow by satisfying one of the following
items:

(a) Air pressure and “open damper” interlocks for all
dampers in the flow path
(b) Airflow interlock

(9) Purge airflow must reach no less than 70 percent of the
airflow required at maximum continuous capacity of the
unit.

(10) The purge must be for at least eight air changes. Airflow
during the period of opening the damper and returning
it to light-off position is permitted to be included in com-
puting the time for eight air changes.

(11) Set controls to light-off position.

(12) Prove the dampers and fuel control valve are in light-off
position.

(13) Ifa flue gas recirculation system is supplied, then it shall
be purged per the manufacturer’s instructions.

5.5.2.6.2 Light-Off Cycle — Class 3 Igniter. The light-off cycle
for a burner with a Class 3 igniter shall accomplish the follow-
ing in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.

(2) Prove igniter flame within 10 seconds of the energization
of the igniter fuel valves; for a Class 3 special igniter, proof
of igniter operation is not required.

(a) If proven, admit fuel to main burner. For an oil
burner other than a return flow type, simultaneously
shut off oil-recirculating flow.

(b) If not proven, establish safety shutdown.

(3) After a maximum of 10 seconds for gas and Nos. 2 and 4
oils or 15 seconds for Nos. 5 and 6 oils, shut off igniter.

(4) Prove main flame (see 5.3.4.1.1.3 and 5.3.4.1.1.4) and pro-
ceed as follows:

(a) If proven, release to modulating control where pro-
vided.

(b) If not proven, establish safety shutdown.

5.5.2.6.3 Light-Off Cycle — Class 2 Igniter. The light-off cycle
for a burner with a Class 2 igniter shall accomplish the follow-
ing in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.
(2) Prove igniter flame within 10 seconds of the energization
of the igniter fuel valves and proceed as follows:

(a) If proven, admit fuel to the main burner. For an oil
burner other than a return flow type, simultaneously
shut off the recirculating flow.

(b) If not proven, establish safety shutdown.

(3) After a maximum of 10 seconds for gas and Nos. 2 and 4
oils or 15 seconds for Nos. 5 and 6 oils, prove the main
flame (see 5.3.4.1.1.2) and proceed as follows:

(a) If proven, release to combustion control for modula-
tion, where provided.
(b) If not proven, establish safety shutdown.

5.5.2.6.4 Light-Off Cycle — Class 1 Igniter. The light-off cycle
for a burner with a Class 1 igniter shall accomplish the follow-
ing in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.

(2) Prove igniter flame within 10 seconds of the energization
of the igniter fuel valves and proceed as follows:

(a) If proven, admit fuel to the main burner. For an oil
burner other than a return flow type, simultaneously
shut off recirculating flow.

(b) If not proven, establish safety shutdown.

(3) After a maximum of 10 seconds for gas and Nos. 2 and 4
oils or 15 seconds for Nos. 5 and 6 oils, prove the main
flame (see 5.3.4.1.1.1) and proceed as follows:

(a) If proven, release to combustion control for modula-
tion, where provided.

(b) If not proven, establish safety shutdown.

5.5.2.6.5 Modulation. Modulation, where provided, shall be
accomplished by a combustion control system.

5.5.2.6.6 Normal Shutdown Cycle. The normal shutdown
cycle shall accomplish the following in the listed order:

(1) Shut off the fuel supply to the main burner.

(2) For oil, proceed as follows:

(a) If a Class 1 igniter is used, use the manufacturer’s
instructions to purge the main burner oil gun prior
to continuing the normal shutdown.

(b) Where used, open the recirculating valve.

(c) Shut off atomizing medium, if required by operating
procedures.

(3) Shut off the fuel supply to the igniter if in operation.

(4) Perform a postpurge of the furnace and boiler gas passes;
the duration of the postpurge must be no less than 15 sec-
onds at an airflow rate not exceeding that at which the
unit was shut down.

(5) Shut down the fan, if required by operating procedures.

5.5.2.6.7 Normal Shutdown. For automatic (i.e., recycling)
boilers, high steam pressure, high water temperature, or
low water level (not determined by the auxiliary low water
cutout) shall accomplish a normal shutdown, and the
burner shall be allowed to recycle when steam pressure,
water temperature, or water level has returned to within the
preset operating range.
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5.5.2.6.8 Safety Shutdown Cycle. The safety shutdown cycle
shall accomplish the following in the listed order and shall
activate an alarm:

(1) Shut off the fuel supply to the main burner.
(2) Shut off the fuel supply and interrupt spark to the igniter
if in operation.
(3) For oil, proceed as follows:
(a) Where used, open the recirculating valve.
(b) Where used, shut off the atomizing medium, if re-
quired by operating procedures.

(4) Where the inerting system is used, energize it simulta-
neously with 5.5.2.6.8(1).

(5) Perform a postpurge of the furnace and boiler gas passes.
The duration of the postpurge must be no less than
15 seconds at an airflow rate not exceeding that at which
the unit was shut down.

(6) After postpurge, shut down the fan, if desired.

(7) Require manual reset.

5.5.2.6.9*% Safety Shutdown. Any of the conditions in
5.5.2.6.9(A) or 5.5.2.6.9(B) shall accomplish a safety shut-
down, and the burner shall not be allowed to recycle until a
trained operator determines the cause of the shutdown and
takes the necessary corrective action to ensure that conditions
are within specified operating limits prior to restarting.

(A) Oil conditions shall include the following:

(1) Low fuel pressure

(2) Low temperature of heated oils

(8) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control system actuating energy

(6) Power failure

(7) Low water level as determined by the auxiliary low water
cutout

(8) Loss of atomizing medium, where used, as interlocked
by flow or two pressure switches (one located at the ser-
vice connection and the other at the burner, either one
of which shall initiate a safety shutdown on low pressure)

(9) Excessive steam pressure or water temperature

(10) High temperature of heated oil

(B) Gas conditions shall include the following:

(1) High gas pressure

(2) Low gas pressure

(3) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control system actuating energy

(6) Power failure

(7) Low water level as determined by the auxiliary low water
cutout

(8) Excessive steam pressure or water temperature

5.5.3 Automatic (Nonrecycling) Systems for Watertube Boilers.

5.5.3.1 The provisions of 5.5.2.1, 5.5.2.3, 5.5.2.5, and 5.5.2.6
shall apply.

5.5.3.2 The provisions of 5.5.2.6.7 shall not apply.

5.5.3.3 When high steam pressure, high water temperature,
or low water level establishes a normal shutdown, the burner
shall not be allowed to recycle.

5.5.3.4 A trained operator shall initiate the restart.
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5.5.4 Automatic (Recycling) Systems for Firetube Boilers.

5.5.4.1 This section shall be based on the premise that the
equipment is in accordance with Section 5.3, that the boiler
has been placed in service in accordance with Section 5.5, and
that the operating water level has been established.

5.5.4.2 An automatic (i.e., recycling) unit shall recycle on
high steam pressure, high water temperature, or low water
level (not determined by the auxiliary low water cutout) and
perform four major functions as follows:

(1) Prefiring cycle

(2) Light-off cycle

(3) Modulation, where provided
(4) Shutdown cycle

5.5.4.2.1 Prefiring Cycle. The prefiring cycle shall accomplish
the following steps in the listed order, and the order of steps
(5), (6), and (7) in the sequence shall be permitted to vary:

(1) Prove the fuel safety shutoff valves are closed.

(2) Prove no flame is present at burner.

(3) Start the fan.

(4) Satisfy the fan interlock.

(5) Where an atomizing medium is used, and if not already
on, admit the medium to the main burner.

(6) Where an atomizing medium is used, satisfy the atomiz-
ing medium interlocks.

(7) Satisfy the fuel interlocks.

(8) Prove purge airflow by satisfying one of the following two
items:

(a) Air pressure and “open damper” interlocks for all
dampers in the flow path

(b) Airflow interlock

(9) Purge airflow must reach no less than 70 percent of the
airflow required at maximum continuous capacity of the
unit.

(10) The purge of the furnace and boiler gas passes must
be for at least four air changes and under the follow-
ing conditions:

(a) During the purge, the air damper must be driven to
the full open position.

(b) Airflow during the time to open the damper and
return it to light-off position is permitted to be in-
cluded in computing the time for four air changes.

(11) Prove the control system is in light-off position.

(12) Ifa flue gas recirculation system is supplied, then it shall
be purged per the manufacturer’s instructions.

5.5.4.2.2 Light-Off Cycle. The light-off cycle shall accomplish
the following in the listed order:

(1)*Energize the ignition transformer and igniter fuel valves.
(2) Prove the igniter flame within 10 seconds of the energiza-
tion of the igniter fuel valves and proceed as follows. For a
Class 3 special igniter, proof of igniter operation is not
required.
(a) If proven, admit fuel to main burner.
(b) If not proven, establish safety shutdown.
(3) After a maximum of 10 seconds for gas and Nos. 2 and 4
oils or 15 seconds for Nos. 5 and 6 oils, shut off the igniter.
(4) Prove the main flame and proceed as follows:
(a) If proven, release to modulating control where pro-
vided.
(b) If not proven, establish safety shutdown.
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5.5.4.2.3 Modulation. Modulation, where provided, shall be
accomplished by a combustion control system.

5.5.4.2.4 Normal Shutdown. High steam pressure, high water
temperature, or low water (not determined by the auxiliary
low water cutoff) shall accomplish a normal shutdown, and
the burner shall be allowed to recycle when steam pressure,
water temperature, or water level has returned to within the
preset operating range.

5.5.4.2.5 Normal Shutdown Cycle. The normal shutdown
cycle shall accomplish the following in the listed order:

(1) Shut off the fuel supply to the main burner.
(2) For oil, proceed as follows:

(a) Where used, open the recirculating valve.

(b) Where the manufacturer’s instructions permit, purg-
ing the main burner oil gun in conjunction with the
operation of its igniter is permitted.

(c) Where used, shut off the atomizing medium, if re-
quired by operating procedures.

(3) Perform a postpurge of the furnace and boiler gas passes.
The duration of the postpurge must be no less than
15 seconds at an airflow rate not exceeding that at which
the unit was shut down.

(4) After postpurge, shut down the fan, if required by operat-
ing procedures.

5.5.4.2.6 Safety Shutdown Cycle. The safety shutdown cycle
shall accomplish the following in the listed order:

(1) Shut off the fuel supply to the main burner.
(2) Shut off the fuel supply and interrupt the spark to the
igniter if in operation.
(3) For oil, proceed as follows:
(a) Where used, open the recirculating valve.
(b) Where used, shut off the atomizing medium, if re-
quired by operating procedures.

(4) Where the inerting system is used, energize it simulta-
neously with 5.5.4.2.6(1).

(5) Perform a postpurge of the furnace and boiler gas passes.
The duration of the postpurge must be no less than
15 seconds at an airflow rate not exceeding that at which
the unit was shut down.

(6) After postpurge, shut down the fan, if required by operat-
ing procedures.

(7) Require manual reset.

5.5.4.2.7*% Safety Shutdown. Any of the conditions in
5.5.4.2.7(A) or 5.5.4.2.7(B) shall accomplish a safety shut-
down, and the burner shall not be allowed to recycle until a
trained operator determines the cause of the shutdown and
takes the necessary corrective action to ensure that conditions
are within specified operating limits prior to restarting.

(A) Oil conditions shall include the following:

(1) Low oil pressure
(2) Low temperature of heated oils
(3) Loss of combustion air supply
(4) Loss of or failure to establish flame
(5) Loss of control system actuating energy
(6) Low water level as determined by the auxiliary low water
cutout
(7) Loss of atomizing medium where used
(8) Excessive steam pressure or water temperature
(9) Power failure
(10) High temperature of heated oil

(B) Gas conditions shall include the following:

(1) High gas pressure

(2) Low gas pressure

(3) Loss of combustion air supply

(4) Loss of or failure to establish flame

(5) Loss of control system actuating energy

(6) Low water level as determined by the auxiliary low water
cutout

(7) Excessive steam pressure or water temperature

(8) Power failure

5.5.5 Automatic (Nonrecycling) Systems for Firetube Boilers.

5.5.5.1 The provisions of 5.5.4.1 and 5.5.4.2 shall apply, ex-
cept that 5.5.4.2.4 shall not apply.

5.5.5.2 When high steam pressure, high water temperature,
or low water level establishes a normal shutdown, the burner
shall not be allowed to recycle.

5.5.5.3 A trained operator shall initiate the restart.

5.5.6 Supervised Manual Systems for Oil-Fired Watertube
Boilers.

5.5.6.1 The steps listed in Table 5.5.6.1(a), Table 5.5.6.1(b),
Table 5.5.6.1(c), and Table 5.5.6.1(d) shall be taken by a
trained operator when starting a supervised manual unit, and
the indicated interlocks shall be satisfied at each step.

(A) Fuel pressure and temperature, atomizing medium, con-
trol system energy, power, and water level shall have been es-
tablished.

(B) When interlocks have been satisfied, this fact shall be
indicated to the operator.

Table 5.5.6.1(a) Prefiring Cycle (in listed order)

Operator Functions Interlock Functions

(1) Check that fuel safety or
supervisory shutoff valve is
closed.

(1) Fuel safety or supervisory
shutoff valve is closed.

(2) Start fan. (2) Fan is on.

(3) Where used, open

atomizing medium valve.

(3) Atomizing medium
supply is available.

(4) Open damper(s) to purge | (4) (a) Air pressure and

position. open damper(s), or (b)
airflow. [See 5.5.2.6.1(9)
and 5.5.2.6.1(10).]

(5) Start purge timer. (5) Purge is complete.

(6) Place damper and fuel
control valve in light-off

(6) Damper and fuel control
valve are in light-off

position. position. If light-off airflow
is less than purge airflow
rate, start light-off time
limit timer.
(7) None. (7) Spark, igniter, and main

safety shutoff valves are
ready for operation.
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Table 5.5.6.1(b) Light-Off Cycle (in listed order)

Table 5.5.6.1(d) Safety Shutdown Cycle (in listed order)

Operator Functions

Interlock Functions

Operator Functions Interlock Functions

(1) Energize ignition
transformer and igniter
safety shutoff valves.

(1) Prove igniter flame
within 10 seconds of
energization of igniter fuel
valves. (For Class 3 special
igniter, proof of igniter
operation is not required.)

(2) Open fuel safety shutoff | (2) None.
valve to main burner.
(3) Close recirculating valve, | (3) None.

where used.

(4) Open manual fuel shutoff
valve.

(4) Prove main flame within
10 seconds for Nos. 2 and
4 oils or 15 seconds for
Nos. 5 and 6 oils. Close
igniter safety shutoff
valve (s).

(5) Bring unit to present
operating pressure at rate
specified by manufacturer,
maintaining air-fuel ratios
as established by tests.

(5) None.

(6) On reaching preset
pressure range, change to
automatic combustion
control.

(6) None.

Table 5.5.6.1(c) Normal Shutdown Cycle (in listed order)

Operator Functions

Interlock Functions

(1) Shut off fuel supply to
main burner.

(1) Fuel safety shutoff valve (s)
to main burner is closed.

(2) Open fuel recirculating
valve, where used.

(2) None.

(3) Where used, shut off
atomizing medium.

(3) None.

(4) Remove fuel atomizer.

(4) None.

(5) Perform postpurge of
furnace and boiler gas
passes. Duration of
postpurge must be no less
than 15 seconds at airflow
rate not exceeding that at
which unit was shut down.

(5) None.

(6) After postpurge, fan can
be permitted to be shut
down.

(6) None.
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one. ut off fuel su to main

()N (1) Shut off fuel supply i
burner; shut off fuel supply
and interrupt spark to

igniter if in operation.

(2) Perform postpurge of
furnace and boiler gas
passes. Duration of
postpurge must be no
less than 15 seconds at
airflow rate not
exceeding that at which
unit was shut down.

(2) None.

(3) After postpurge, fan
can be permitted to be
shut down.

(3) None.

5.5.6.2 The fuel to be fired shall be selected.

(A) The alternate fuel system shall be placed in a nonfiring
condition.

(B) The supervisory or safety shutoff valve (s) shall be closed.
5.5.6.3 An igniter as specified in 5.3.4.1.1 shall be provided.

5.5.6.4* Any of the following conditions shall accomplish a
safety shutdown, and the burner shall not be restarted until a
trained operator goes out to the boiler, determines the cause
of the shutdown, and takes the necessary corrective action to
ensure that conditions are within specified operating limits
prior to restarting:

(1) Low pressure in the fuel supply

(2) Loss of combustion air supply

(3) Loss or failure to establish flame

(4) Loss of control system actuating energy

(5) Power failure

(6) Low water level as determined by the auxiliary low water
cutout

(7) Loss of atomizing medium

(8) Excessive steam pressure or water temperature

5.5.6.5 Either of the following conditions, where oil heating
is provided, shall cause alarms to sound:

(1) Low oil temperature
(2) High oil temperature

5.5.7 Supervised Manual Systems for Gas-Fired Watertube
Boilers.

5.5.7.1 The steps listed in Table 5.5.7.1(a), Table 5.5.7.1(b),
Table 5.5.7.1(c), and Table 5.5.7.1(d) shall be taken by a
trained operator when starting a supervised manual unit, and
the indicated interlocks shall be satisfied at each step.

(A) Control system energy, power, and water level shall have
been established.

(B) When interlocks have been satisfied, this fact shall be
indicated to the operator.
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Table 5.5.7.1(a) Prefiring Cycle (in listed order)

Table 5.5.7.1(c) Normal Shutdown Cycle (in listed order)

Operator Functions

Interlock Functions

Operator Functions

Interlock Functions

(1) Check that gas safety
shutoff valves are closed.

(1) Gas safety shutoff valves
are closed.

(2) Start fan.

(2) Fan motor is on.

(3) Open damper(s) to
purge position.

(3) (a) Air pressure and open
damper(s) or (b) airflow.
[See 5.5.2.6.1(9) and
5.5.2.6.1(10).]

(4) Start purge timer.

(4) Purge is complete.

(5) Place damper and gas
control valve in light-off
position.

(5) Damper and fuel control
valve are in light-off
position. If light-off airflow
is less than purge airflow

rate, start light-off time limit

timer.

(6) None.

(6) Spark and igniter and
main safety shutoff valves

are ready for operation.

Table 5.5.7.1(b) Light-Off Cycle (in listed order)

Operator Functions

Interlock Functions

(1) Energize ignition
transformer and igniter
safety shutoff valve(s).

(1) Prove igniter flame within
10 seconds of the
energization of igniter fuel
valves. (For Class 3 special
igniter, proof of igniter
operation is not required.)

(2) Open gas safety shutoff
valves to main burner.

(2) Prove main flame is within
10 seconds. Close igniter
safety shutoff valve (s).

(3) Bring unit to preset
operating pressure at rate
specified by
manufacturer,
maintaining air-fuel
ratios as established by
tests.

(3) None.

(4) On reaching preset
range, change to
automatic combustion
control.

(4) None.

5.5.7.2 The fuel to be fired shall be selected.

(A) The alternate fuel system shall be placed in a nonfiring

condition.

(B) The supervisory or safety shutoff valve (s) shall be closed.
5.5.7.3 An igniter as specified in 5.3.4.1.1 shall be provided.

(1) Shut off gas supply to
main burner and to
igniter, if in operation,
and interrupt spark.

(1) None.

(2) Perform postpurge of
furnace and boiler gas
passes. Duration of
postpurge must be no less
than 15 seconds at airflow
rate not exceeding that at
which unit was shut
down.

(2) None.

(3) After postpurge, fan can
be permitted to be shut
down.

(3) None.

Table 5.5.7.1(d) Safety Shutdown Cycle (in listed order)

Operator Functions

Interlock Functions

(1) None.

(1) Shut off gas supply to main
burner, shut off fuel supply,
and interrupt spark to
igniter if in operation.
Where used, simultaneously
energize inerting system.

(2) Perform postpurge of
furnace and boiler gas
passes. Duration of
postpurge must be no
less than 15 seconds at an
airflow rate not
exceeding that at which
unit was shut down.

(2) None.

(3) After postpurge, fan
can be permitted to be
shut down.

(3) None.

5.5.7.4 Any of the following conditions shall accomplish a
safety shutdown, and the burner shall not be restarted until a
trained operator goes out to the boiler, determines the cause
of the shutdown, and takes the necessary corrective action to
ensure that conditions are within specified operating limits

prior to restarting:

(1) High gas pressure
(2) Low gas pressure

(3) Loss of combustion air supply
(4) Loss of or failure to establish flame
(5) Loss of control systems actuating energy

(6) Power failure

(7) Low water level as determined by the auxiliary low water

cutout

(8) Excessive steam pressure or water temperature
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5.5.8 Soot Blowing. Where soot blowers are used, the follow-
ing shall apply:

(1) Soot blowing at nonoptimum air-fuel ratios has been
known to lead to explosive formations of air-soot clouds
within the boiler and shall be avoided.

(2) Soot blowers shall be operated only while burners are fir-
ing at rates such that the burner flame cannot be extin-
guished.

(3) Boilers that are equipped with automatic soot-blowing
equipment shall have their controls interlocked to pre-
vent operation when the burner is shut down or in the
prefiring or light-off cycles.

5.6 Simultaneous Firing of Oil and Gas Fuels.

5.6.1% General. The equipment and procedures required in
5.6.1.1 through 5.6.1.3 shall be used to avoid a hazardous fur-
nace condition when firing oil and gas simultaneously in a
single burner boiler on a continuous basis.

5.6.1.1 Class 1 or Class 2 igniters shall be used during the
light-off of the second fuel as required by the manufacturer or
as established by test.

5.6.1.2 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedures speci-
fied in Section 5.5 are required to establish ignition or to sat-
isfy other design limitations during light-off, warm-up, or nor-
mal operation.

5.6.1.3 The initial prefiring cycle, light-off cycle, and nor-
mal shutdown cycles for the initial fuel to be fired and for
single fuel operation shall be completed in accordance with
Section 5.5.

5.6.2 Equipment Requirements. The following equipment
shall be provided for continuous firing of both oil and gas:

(1) A burner that is capable of burning either oil or gas fuel
individually or both fuels simultaneously

(2) A combustion control system that is capable of perform-
ing the following functions:

(a) Metering and totaling the inputs from both gas and
oil fuels alone or in any combination

(b) Proportioning the total fuel input of each fuel indi-
vidually or in any combination to total airflow in or-
der to maintain the air-fuel ratio within design limits

(c) Limiting fuel demand to be less than measured air-
flow and limiting air demand to be greater than mea-
sured fuel flow

(d) For items 5.6.2(2) (a) through 5.6.2(2) (c), a control
system that is designed to accommodate a fixed
amount of secondary fuel without metering and total-
ing all fuels shall be permitted, provided the system
maintains air-fuel ratios within design limits through-
out the entire operating range of the burner

(e) Limiting total fuel input to the maximum capacity of
the boiler

(f) Controlling and maintaining a minimum airflow rate
that takes into account simultaneous fuel inputs

(g) Controlling and maintaining minimum input rates of
each fuel

(h) Requiring a stable return to design air-fuel ratio after
the trip or shutdown of either fuel

(8) Asafety interlock system with the following capabilities:

(a) Meets the requirements of 5.3.6 for each fuel being
fired
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(b) Requires, on an interlock action specific to only one
of the fuels being fired, that this particular fuel auto-
matically shut down with operation continuing on
the unaffected fuel in a stable manner; shutdown of
both fuels permitted

(c) Requires that both the first and second fuels be
introduced with their flow control valves in light-off
positions

(d) Provides for the introduction of the second fuel with-
out requiring a boiler purge

(e) Requires a manual reset following any interlock
shutdown

(f) Prohibits the simultaneous light-off of both fuels

(g) Requires flame detector(s) in accordance with 5.3.4
to supervise any of the following conditions:

i. Igniter flame as permitted by igniter class
ii. Gas firing

iii. Oil firing

iv. Combined gas and oil firing

=

(h) Burner flame detectors are permitted to supervise
multiple fuels.

5.6.3 Simultaneous Firing of Oil and Gas Fuels (Automated
Second Fuel Start). This section shall define the requirements
and procedures for an automated light-off and subsequent op-
eration on a continuous basis of a second fuel.

5.6.3.1 Equipment Requirements. Equipment requirements
shall be in accordance with 5.6.2 and 5.6.3.2.

5.6.3.2 A fuel transfer mode with the following functions
shall be provided:

(1) Agas-firing mode in which oil cannot be fired

(2) An oilfiring mode in which gas cannot be fired

(3) A gas-oilfiring mode that permits simultaneous firing of
both fuels

(4) The capability to signal the combustion control system to
bias up the airflow, to position the control valve for the
second fuel to light-off, and to open the safety shutoff
valve (s) of the fuel being introduced

(5) The capability to bias up the airflow by a preset value in
response to a fuel transfer signal while the airflow remains
in automatic mode

5.6.3.3 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the light-off cycle for the oil shall
accomplish the following in the listed order:

(1) Place fuel gas flow and airflow control loops in automatic
mode.

(2) Satisfy oil fuel system interlocks.

(3) Install oil atomizer.

(4) Open atomizing medium shutoff valve.

(5) Select dual fuel firing.

(6) Set oil control valve in light-off position.

(7) Prove fuel oil control valve in light-off position.

(8) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel oil in light-off.

(9) Establish ignition energy in accordance with manufactur-
er’sinstructions. Where an igniter is required, see 5.5.2.6.2,
5.5.2.6.3, or 5.5.2.6.4 for operating requirements.

(10) Open oil safety shutoff valves and establish oil flow
through the burner.

(11) Gradually remove airflow bias.

(12) Verify stable flame and that the air-fuel ratio is within
design limits.
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(13) Place the combustion control system into the desired
mode for controlling input rate of each fuel.
(14) Shut down igniter as required.

5.6.3.4 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the light-off cycle for the gas shall
accomplish the following in the listed order:

(1) Place fuel oil flow and airflow control loops in automatic
mode.

(2) Satisfy gas fuel system interlocks.

(3) Select dual fuel firing.

(4) Set gas control valve in light-off position.

(5) Prove fuel gas control valve in light-off position.

(6) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel gas in light-off.

(7) Establish ignition energy in accordance with manufactur-
er’s instructions. Where an igniter is required, see 5.5.2.6.2,
5.5.2.6.3, or 5.5.2.6.4 for operating requirements.

(8) Close the vent valve (where used), open the gas safety
shutoff valves, and establish gas flow to the burner.

(9) Gradually remove airflow bias.

(10) Verify stable flame and that the air-fuel ratio is within
design limits.

(11) Place the combustion control system into the desired
mode for controlling input rate of each fuel.

(12) Shut down igniter as required.

5.6.4 Simultaneous Firing of Oil and Gas Fuels (Manual Sec-
ond Fuel Start). This section shall define the requirements
and procedures required for the manual light-off and subse-
quent operation on a continuous basis of a second fuel.

5.6.4.1 Equipment Requirements. Equipment requirements
shall be in accordance with 5.6.2 and 5.6.4.2.

5.6.4.2 The combustion control system shall have the capabil-
ity to manually bias up the airflow while the airflow remains in
automatic mode.

5.6.4.2.1 FEither the oxygen trim or airflow control station
shall be permitted to be used.

5.6.4.3 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the light-off cycle for the oil shall
accomplish the following in the order listed:

(1) Verify that fuel gas flow and airflow control loops are in
automatic mode.

(2) Satisfy oil fuel system interlocks.

(3) Install oil atomizer.

(4) Open atomizing medium shutoff valve.

(5) Place oil control valve in light-off position.

(6) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel oil in light-off.

(7) Establish ignition energy in accordance with manufactur-
er’s instructions. Where an igniter is required, see 5.5.2.6.2,
5.5.2.6.3, or 5.5.2.6.4 for operating requirements.

(8) Open oil safety shutoff valves and establish oil flow
through the burner.

(9) Gradually remove airflow bias.

(10) Verify stable flame and that the airfuel ratio is within
design limits.

(11) Place the combustion control system into the desired
mode for controlling the input rate of each fuel.

(12) Shut down igniter as required.

5.6.4.4 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the procedure shall be in the follow-
ing order:

(1) Verify that fuel oil flow and airflow control are in the
automatic mode.

(2) Satisfy gas fuel system interlocks.

(3) Place the gas control valve in light-off position.

(4) With airflow in automatic mode, gradually bias up air-
flow by a preset amount corresponding to fuel input of
fuel oil in light-off.

(5) Establish ignition energy in accordance with manufactur-
ers’ instructions. Where an igniter is required, see 5.5.2.6.2,
5.5.2.6.3, or 5.5.2.6.4 for operating requirements.

(6) Close the vent valve (where used), open the gas safety
shutoff valves, and establish gas flow to the burner.

(7) Gradually remove airflow bias.

(8) Verify stable flame and that the air-fuel ratio is within
design limits.

(9) Place the combustion control system into the desired
mode for controlling input rate of each fuel.

(10) Shut down igniter as required.

5.6.5 Shutdown Cycle.

5.6.5.1 Normal Oil Shutdown Cycle. The normal shutdown
procedure for oil while continuing to fire gas shall be in the
following order:

(1) Reduce the oil flow to the light-off rate.

(2) Shut off the oil supply to the burner and open the oil
recirculating valve, where used.

(3) Verify stable flame and adjust air-fuel ratio in preparation
for purging the oil atomizer.

(4) Purge oil passages of the oil atomizer.

(5) Shut off the atomizing medium if required.

(6) Remove the oil atomizer from the burner if required.

(7) Verify stable flame and that the air-fuel ratio of the gas fire
is within design limits.

5.6.5.2 Normal Gas Shutdown Cycle. The normal shutdown
procedure for gas while continuing to fire oil shall be in the
following order:

(1) Reduce the gas flow to the light-off rate.

(2) Shut off the gas supply to the burner.

(3) Verify stable flame and that the air-fuel ratio of the oil fire
is within design limits.

5.6.5.3* Oil Safety Shutdowns.

5.6.5.3.1 Any of the following operating conditions shall ac-
complish a safety shutdown of the oil supply to the burner
(i.e., fuel trip):

(1) Low fuel pressure

(2) Low temperature of heated oils

(3) Loss of atomizing medium, where used, as interlocked by
flow or two pressure switches, one located at the service
connection and the other at the burner, either one of
which shall initiate a safety shutdown on low pressure

(4) High temperature of heated oil

5.6.5.3.2 A complete boiler safety shutdown shall occur if oil
is the only fuel being fired.
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5.6.5.4 Gas Safety Shutdowns.

5.6.5.4.1 Either of the following conditions shall accomplish a
safety shutdown of the gas supply to the burner (i.e., fuel trip):

(1) High gas pressure
(2) Low gas pressure

5.6.5.4.2 A complete boiler safety shutdown shall occur if gas
is the only fuel being fired.

5.6.5.5 Boiler Safety Shutdowns. Any of the following condi-
tions shall accomplish a complete safety shutdown of the
boiler:

(1) Loss of combustion air supply

(2) Loss of or failure to establish flame

(3) Loss of control system actuating energy

(4) Power failure

(5) Excessive steam pressure or water temperature

(6) Low water level as determined by the auxiliary low water
cutout

(7) The occurrence of either an oil or a gas fuel trip when
only that fuel is being fired

5.7 Simultaneous Firing of Oil and Gas for Fuel Transfer
Only.

5.7.1* General. The equipment and procedures of 5.7.1.1
through 5.7.1.4 shall be used to avoid a hazardous furnace
condition when operation of the boiler is transferred from
fuel oil to fuel gas or from fuel gas to fuel oil without requiring
a shutdown of the boiler.

5.7.1.1 Simultaneous Firing for Fuel Transfer on a Continu-
ous Basis. When the combustion control system and burner
management system are both designed for fuel transfer and
simultaneous firing of oil and gas fuels on a continuous basis,
the requirements of Section 5.6 shall apply.

5.7.1.2 Class 1 or Class 2 igniters shall be used during the fuel
transfer as required by the manufacturer or established by test.

5.7.1.3 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedures speci-
fied in Section 5.5 are required to establish ignition or to sat-
isfy other design limitations during light-off, warm-up, or nor-
mal operation.

5.7.1.4 The initial prefiring cycle, light-off cycle, and nor-
mal shutdown cycles for the initial fuel to be fired and for
single fuel operation shall be completed in accordance with
Section 5.5.

5.7.2 Required Equipment. The following equipment shall be
required:

(1) A burner that is capable of firing the two fuels simulta-
neously during the transfer period
(2) A combustion control system that is capable of perform-
ing the following functions:
(a) Proportioning fuel flow for each fuel individually
(b) Limiting total fuel input to the maximum capacity of
the boiler
(c) Controlling a minimum airflow rate
(d) Controlling minimum input rates of each fuel
(e) Providing a stable return to design air-fuel ratio after
the trip or shutdown of either fuel
(3) Afuel transfer mode that includes the following:

(a) A gas-firing mode in which oil cannot be fired
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(b) An oilfiring mode in which gas cannot be fired
(c) A gas/oilfiring mode that permits simultaneous fir-
ing of both fuels, provided all interlocks for both fuels
are satisfied, including light-off position for both fuel
valves
(d) A control device, transfer timer, and an alarm for
5.7.2(3) (¢), to limit continuous operation in this mode
(4) Asafety interlock system with the following capabilities:
(a) Meets the requirements of 5.3.6 for each fuel being
fired
(b) Provides, on an interlock action peculiar to only one
of the fuels being fired, that this particular fuel auto-
matically shuts down with operation continuing on
the unaffected fuel in a stable manner; shutdown of
both fuels permitted
(c) Provides that both the first and second fuels be intro-
duced with their flow control valves in light-off positions
(d) Provides an interlock action that will trip either fuel
should its respective flow control valve leave a pre-
determined setting during fuel transfer
(e) Provides for the introduction of the second fuel with-
out requiring a boiler purge
(f) Requires a manual reset following any interlock shut-
down
(g) Prohibits the simultaneous light-off of both fuels
(h) Provides detector(s) to supervise any of the following
conditions:
i. Igniter flame as permitted by igniter class
ii. Gas firing
iii. Oil firing
iv. Combined gas and oil firing
(i) Burner flame detectors shall be permitted to super-
vise multiple fuels.

5.7.3 Simultaneous Firing of Oil and Gas for Fuel Transfer
Only (Automated Transfer). This section shall define the re-
quirements and procedures to be used for an automated
transfer of operation from one fuel to a second fuel without
requiring a shutdown of the burner.

5.7.3.1 Required Equipment. Equipment requirements shall
be in accordance with 5.7.2 and 5.7.3.1(A) through 5.7.3.1(C).

(A) The combustion control system shall have the capability
to automatically increase the airflow by a preset value in re-
sponse to a fuel transfer signal.

(B) The airflow shall be held in a fixed position for the trans-
fer period.

(C) The fuel transfer mode shall have the capability to signal
the combustion control system to increase airflow and open
the safety shutoff valve(s) of the fuel being introduced.

5.7.3.2 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the transfer cycle from gas to oil
shall be in the following order:

(1) Satisfy oil fuel system interlocks.

(2) Install an oil atomizer.

(3) Open the atomizing medium shutoff valve.

(4) Select dual fuel firing.

(5) Set the gas-firing rate to light-off flow.

(6) Set the oil control valve in the light-off position.
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(7) Prove fuel gas and fuel oil control valves are in light-off
position.

(8) Gradually increase airflow by a preset amount corre-
sponding to fuel input of fuel oil in light-off.

(9) Establish ignition energy in accordance with the manu-
facturer’s instructions. Where an igniter is required, see
5.5.2.6.2,5.5.2.6.3, or 5.5.2.6.4 for operating requirements.

(10) Open the oil safety shutoff valves and establish oil flow to
the burner.

(11) Verify stable flame and that the air-fuel ratio is within
design limits.

(12) Select the oil firing mode, which automatically trips the
gas safety shutoff valves.

(13) Gradually remove airflow increase.

(14) Return the combustion control system and burner firing
rate to automatic operation.

(15) Shut down igniter as required.

5.7.3.3 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the transfer cycle from oil to gas
shall be in the following order:

(1) Establish the gas fuel system to satisfy interlocks.

(2) Select the dual fuel firing mode.

(3) Set the oil-firing rate to light-off flow.

(4) Set the gas control valve to the light-off position.

(5) Prove fuel gas and fuel oil control valves are in light-off
position.

(6) Increase airflow by a preset amount corresponding to
fuel input of fuel gas in light-off.

(7) Establish ignition energy in accordance with the manu-
facturer’s instructions. Where an igniter is required, see
5.5.2.6.2,5.5.2.6.3, or 5.5.2.6.4 for operating requirements.

(8) Close the vent valve (where used), open the gas safety
shutoff valves, and establish gas flow to the burner.

(9) Verify stable flame and that the air-fuel ratio is within
design limits.

(10) Select the gas-firing mode, which automatically trips the
oil safety shutoff valves.

(11) Gradually remove airflow increase.

(12) Return the combustion control system and burner-firing
rate to automatic operation.

(13) Purge the oil gun into furnace, if required.

(14) Close atomizing medium shutoff valve, if required.

(15) Remove oil atomizer, if required.

(16) Shut down igniter as required.

5.7.4 Simultaneous Firing of Oil and Gas for Fuel Transfer
Only (Manual Transfer). This section shall define the require-
ments and procedures to be used for a manual transfer of
operation from one fuel to a second fuel without requiring a
shutdown of the burner.

5.7.4.1 Required Equipment. Equipment requirements shall
be in accordance with 5.7.2 and 5.7.4.1(A) through 5.7.4.1(C).

(A) The combustion control system shall have the capability
to manually adjust the airflow.

(B) Manual shutoff valves shall be provided at the burner,
downstream of the safety shutoff valves for each fuel.

(C) A pressure gauge shall be provided in each fuel line
downstream of the manual shutoff valve.

5.7.4.2 Subsequent Fuel Light-Off — Oil. When oil is intro-
duced as the second fuel, the procedure to transfer from gas
to oil shall be as follows:

(1) Where a Class 1 or Class 2 igniter is available, place it in
service in accordance with the manufacturer’s instruc-
tions as required.

(2) Confirm that the manual oil valve at the burner is closed.

(3) Satisfy oil fuel system interlocks.

(4) Install an oil atomizer.

(5) Open the atomizing medium shutoff valve.

(6) Place the combustion control system in manual mode.

(7) Reduce the gas-firing rate to light-off flow.

(8) Place the oil control valve in the light-off position.

(9) Place the fuel transfer into oil/gas mode, with the fol-
lowing results:

(a) When the oil safety interlocks are satisfied, the oil
safety shutoff valves open.

(b) Fuel oil pressure now will be upstream of the
manual oil valve at the burner.

(10) Slowly close the manual gas shutoff valve while observing
the gas pressure downstream of the valve until the gas
pressure starts to drop. At this point, the gas flow rate is
controlled by the manual valve instead of by the control
valve.

(11) Slowly close the manual gas valve while simultaneously
opening the manual oil valve to light the oil flame from
the gas flame, and proceed as follows:

(a) Continue to increase the oilfiring rate while cutting
back on the gas-firing rate to maintain a constant
heatinput of the combined fuels to the burner, until
the manual gas valve is closed and the manual oil
valve is fully open.

(b) Excess air must be maintained at all times by con-
tinuously observing the burner flame or by observ-
ing the air-fuel ratio, oxygen indicator, or opacity
indicator, if provided.

(c) During this period, airflow must be maintained at
a constant rate with only the manual fuel valves
operated.

(12) Place the fuel transfer mode in the oil position.

(13) Return the combustion control system and burner-firing
rate to automatic operation.

(14) Shut down igniter as required.

5.7.4.3 Subsequent Fuel Light-Off — Gas. When gas is intro-
duced as the second fuel, the procedure to transfer from oil to
gas shall be as follows:

(1) Where a Class 1 or Class 2 igniter is available, place it in
service in accordance with the manufacturer’s instructions.
(2) Confirm that the manual gas valve at the burner is
closed.
(3) Satisfy gas fuel system interlocks.
(4) Place the combustion control system in manual mode.
(5) Reduce the oil-firing rate to light-off flow.
(6) Place the gas control valve in the light-off position.
(7) Place fuel transfer in the gas/oil mode, with the follow-
ing results:
(a) When the gas safety interlocks are satisfied, the gas
safety shutoff valves open.
(b) Gas pressure now will be upstream of manual gas
valve at the burner.
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(8) Slowly close the manual oil valve while observing the oil
pressure downstream of the valve until the oil pressure
starts to drop. At this point the oil flow is controlled by
the manual valve instead of by the control valve.

(9) Slowly close the manual oil valve while simultaneously
opening the manual gas valve to light the gas flame from
the oil flame, and proceed as follows:

(a) Continue to increase the gas-firing rate while cut-
ting back on the oilfiring rate to maintain a con-
stant heat input of the combined fuels to the burner
until the manual oil valve is closed and the manual
gas valve is fully open.

(b) Excess air must be maintained at all times by con-
tinuously observing the burner flame or by observ-
ing the air-fuel ratio, oxygen indicator, or opacity
indicator, if provided.

(c) During this period, airflow must be maintained at
a constant rate with only the manual fuel valves
operated.

(10) Place the fuel transfer mode in the gas position. The oil
safety shutoff valves close.

(11) Return the combustion control system and burner-firing
rate to automatic operation.

(12) Purge the oil gun into the furnace, if required.

(13) Shut off the atomizing medium, if required.

(14) Remove the oil atomizer from burner, if required.

(15) Shut down the igniter as required.

5.7.5 Safety Shutdowns. Safety shutdowns shall be initiated in
accordance with 5.6.5.3 through 5.6.5.5.

5.8 Dual Oil Atomizers in a Single Burner.

5.8.1% General. Where a burner is equipped with main and aux-
iliary oil atomizers for the purpose of changing atomizers for
maintenance without affecting the boiler load, the changeover of
atomizers shall be carried out manually under stable firing con-
ditions by a trained operator.

5.8.1.1 Class 1 or Class 2 igniters shall be used during the fuel
transfer as required by the manufacturer or established by test.

5.8.1.2 Each boiler shall be tested during initial start-up to
determine whether any modifications to the procedures speci-
fied in Section 5.5 are required to establish ignition or to sat-
isfy other design limitations during light-off, warm-up, or nor-
mal operation.

5.8.1.3 The initial prefiring cycle, light-off cycle, and nor-
mal shutdown cycles for the initial fuel to be fired and for
single fuel operation shall be completed in accordance with
Section 5.5.

5.8.2 Required Equipment. The following equipment shall be
required:

(1) A burner that is capable of firing two oil atomizers simul-
taneously during the transfer period

(2) A combustion control system that is capable of limiting
the total fuel input to the maximum capacity of the boiler
and that has the capability to manually adjust the airflow

(3) Asafetyinterlock system in accordance with 5.3.6 that also
prohibits the simultaneous light-off of both atomizers

(4) Manual oil shutoff valves at the burner, downstream of the
safety shutoff valves for each atomizer
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(5) A pressure gauge in the fuel line downstream of each
manual shutoff valve

(6) Manual atomizing media shutoff valves for each atomizer
except on mechanically atomized systems.

5.8.3 Oil Atomizer Changeover Procedure. The procedures
for a manual transfer of operation from one oil atomizer
(main or auxiliary) to a second oil atomizer (auxiliary or
main) without requiring a shutdown of the burner shall be as
follows:

(1) Where a Class 1 or Class 2 igniter is available, place it in
service in accordance with the manufacturer’s instructions.

(2) Confirm that the manual oil valve at the burner for the
atomizer to be started is closed.

(3) Install the second oil atomizer.

(4) Place the combustion control system in manual mode.

(5) Slowly close the manual shutoff valve while observing the
oil pressure downstream of the valve until the oil pres-
sure starts to drop. At this point, the oil flow rate is con-
trolled by the manual valve instead of by the control
valve.

(6) For nonmechanically atomized oil atomizers, slowly
open the second atomizing medium shutoff valve until it
is fully open.

(7) Slowly close the manual oil valve for the atomizer in ser-
vice while simultaneously opening the manual oil valve
of the second atomizer to light the second atomizer
from the first and proceed as follows:

(a) Continue to slowly increase the oil firing rate on the
second atomizer while cutting back on the firing
rate of the first atomizer to maintain a constant heat
input of the combined atomizers until the manual
valve of the first atomizer is closed and the manual
oil valve of the second atomizer is fully open.

(b) Excess air shall be maintained at all times by con-
tinuous observation of the burner flame or by obser-
vation of the air-fuel ratio, oxygen indicator, or
opacity indicator, if provided.

(c) During this period, airflow must be maintained at a
constant rate with only the manual fuel valves
operated.

(8) Close the atomizing media shutoff valve on the first at-
omizer if present.
(9) Return the combustion control system and burner-firing
rate to automatic operation.
(10) Shut down the igniter as required.

Chapter 6 Multiple Burner Boilers

6.1 Application.

6.1.1 This chapter shall be used in conjunction with Chapter
4 and requires the coordination of operation procedures, con-
trol systems, interlocks, and structural design. Where conflicts
exist, the requirements of this chapter shall apply.

6.1.2 The sections of this code that are common to all fuels to
be burned in a multiple burner boiler shall be used in con-
junction with those sections that are applicable to a specific
fuel being utilized.

6.1.3 Section 6.5 shall apply to minimizing the risk of nega-
tive furnace draft in excess of furnace structural capability.

6.1.4 Section 6.6 shall apply to burner management, combus-
tion control systems, and operating procedures for multiple
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burner boilers utilizing LP-Gas fuel as defined in 3.3.71.7 and
natural gas as defined in 3.3.71.10.

6.1.5 Section 6.7 shall apply to burner management, combus-
tion control systems, and operating procedures for multiple
burner boilers utilizing fuel oil as defined in 3.3.71.3.

6.1.6 Section 6.8 shall apply to burner management, combus-
tion control systems, and operating procedures for multiple
burner boilers utilizing pulverized coal fuel as defined in
3.3.71.2.1.

6.1.7 This chapter shall also apply to fired flue gas reheaters
(duct burners) installed in the flue gas path downstream of a
multiple burner boiler furnace.

6.2 Purpose.

6.2.1 The purpose of this chapter shall be to contribute to
operating safety and to prevent furnace explosions and implo-
sions in multiple burner boilers.

6.2.2 This chapter establishes minimum requirements that
shall be followed for the design, installation, operation, and
maintenance of multiple burner boilers and their fuel-burning,
air supply, and combustion products removal systems.

6.2.3% The user of this chapter shall recognize the complexity
of firing fuel with regard to the type of equipment and the
characteristics of the fuel.

6.2.4 This chapter shall not eliminate the need for compe-
tent engineering judgment.

6.3 Mechanical Equipment Requirements. General require-
ments for mechanical equipment shall be in accordance with
Section 4.6.

6.4 Burner Management and Combustion Control Require-
ments. Burner management and combustion control general
requirements shall be in accordance with 4.6.3 through 4.6.7.

6.4.1*% Unattended and Off-Site Operation. Unattended op-
eration, no operator at the operating location(s), or operation
of the plant from an off-site operating location shall require a
higher level of automation, safety interlocks, and reliability,
which are not addressed in this code.

(A) Inaddition to operational and safety analysis, designs for
offsite and unattended operations shall include risk analysis
and hazard studies and shall be approved by the authority
having jurisdiction.

(B) Jurisdictional requirements regarding operator atten-
dance shall be met.

6.4.2 Interlock System.
6.4.2.1 General.

6.4.2.1.1 The basic requirements of an interlock system for a
unit shall accomplish the following:

(1) Protect personnel from injury

(2) Protect equipment from damage

(3) Protect boiler operation by limiting actions to a pre-
scribed operating sequence or by initiating trip devices
when approaching an out-of-range or unstable operating
condition

6.4.2.1.2 The interlock system shall comply with 4.6.3.

6.4.2.1.3* The mandatory automatic trips specified in 6.4.2.3
shall be provided.

6.4.2.1.4 Additional automatic trips shall be permitted. (See
4.1.3 for trip function evaluation requirements.)

6.4.2.1.5 Fuel-specific interlocks shall be provided for each
design basis fuel.

6.4.2.1.6% Operating personnel shall be made aware of the
limitations of the interlock system.

6.4.2.2 Functional Requirements.

6.4.2.2.1 The operation of any interlock that causes a trip
shall be annunciated.

6.4.2.2.2 The interlock system shall be installed, adjusted,
and tested to confirm design function and timing.

(A) The actuation values and time of action of the initiation
devices shall be tuned to the furnace and equipment on which
they are installed.

(B) After adjustment, each path and the complete system
shall be tested to verify the adjustments.

6.4.2.2.3 Testing and maintenance shall be performed to
keep the interlock system functioning as designed.

6.4.2.2.4 If a reburn system is employed, the reburn inter-
locks shall be integrated with the interlock system.

6.4.2.2.5 Interlocks associated exclusively with the reburn sys-
tem shall trip only the reburn system and shall not generate a
master fuel trip.

6.4.2.2.6 The starting procedure and operation shall be su-
pervised to ensure that design operating parameters and se-
quences are used.

6.4.2.2.7 The minimum amount of equipment shall be
tripped in the correct sequence when the safety of personnel
or equipment is jeopardized.

6.4.2.2.8 The initiating cause of the trip shall be indicated,
and no portion of the process shall be started until stable op-
erating conditions within design parameters are established.

6.4.2.2.9 The necessary trip devices shall be coordinated into
an integrated system.

6.4.2.2.10 Where automatic equipment is not installed or in
service to accomplish the intended function, instrumentation
or alternative means to enable the operator to complete the
operating sequence shall be provided.

6.4.2.2.11 The design shall retain as much flexibility with re-
spect to alternative modes of operation as is consistent with
operating procedures and parameters.

6.4.2.2.12 The capability for preventive maintenance shall be
provided.

6.4.2.2.13 The design shall not require any deliberate “de-
feating” of an interlock to start or operate equipment. When-
ever a required interlock device is removed temporarily from
service, it shall be noted in the log and annunciated. Other
means shall be substituted to supervise this interlock function.

6.4.2.2.14 The mandatory master fuel trip—sensing elements
and circuits shall be independent of all other control elements
and circuits.

Exception No. 1: Individual burner flame detectors also shall be per-
mitted to be used for initiating master fuel trip systems.
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Exception No. 2: Airflow measurement and auctioneered furnace
draft signals from the boiler control system shall be permitted to be used
for a master fuel trip, provided all the following conditions are met:

(1) These interlocks are hardwired into the burner management sys-
tem.

(2) Tripping set points are protected from unauthorized changes.

(3) Any single component failure of these sensing elements and cir-
cuits does not prevent a mandatory master fuel trip.

6.4.2.2.15 Misoperation of the interlock system due to an in-
terruption or restoration of the interlock energy supply shall
be prevented.

6.4.2.3 Required Interlocks.

6.4.2.3.1*% Interlock System. Figure 6.4.2.3.1 and Table
6.4.2.3.1(a) through Table 6.4.2.3.1(c) show the minimum
required system of interlocks that shall be provided for ba-
sic furnace protection for a multiple burner boiler oper-
ated in accordance with this code.

6.4.2.3.2 Each source of operation of the master fuel trip
relay shall actuate a cause-of-trip indication, which informs the
operator of the initiating cause of the tripping impulse.

6.4.2.3.3 Main fuel oil-recirculating valves shall be permitted
to be reset separately and opened following a trip of the mas-
ter fuel trip relay only after all burner safety shutoff valves have
been proven closed.

6.4.2.3.4 Unit Purge Interlocks.

(A) The starting sequence shall be supervised by the series of
permissive interlocks shown in Figure 6.4.2.3.4 as the unit
purge system.

(B) All requirements of the unit purge system shall be satis-
fied before resetting of the master fuel trip relay is permitted.

(C) Unit purge shall be completed with all required burner
registers in purge position and all burner header, igniter
header, individual burner, and individual igniter safety shutoff
valves proven closed by valve position.

Exception:  Where the igniter capacity is 1.5 MW, (5 million Btu/hr)
or less, proof of closure of individual igniter safety shutoff valves by

means other than valve position shall be permitted.

(D) Purge rate shall not be less than 25 percent of design full
load mass airflow.

(E) Purge rate shall not be greater than 40 percent of design
full load mass airflow for coal-fired units.

(F) The unit purge shall be completed by maintaining this
purge rate, from the forced draft (FD) fan through the stack,
for a period of not less than 5 minutes or not less than five
volume changes of the boiler enclosure, whichever is longer.

(G) Completion of the purge shall be indicated.

6.4.2.3.5 Prior to being placed in operation, components (e.g.,
precipitators, fired reheaters) containing sources of ignition en-
ergy shall be purged for either (1) a period of not less than 5
minutes or (2) five volume changes of that component, which-
ever is longer. Completion of the purge shall be indicated.

6.4.2.3.6* Loss of Induced Draft Fan Interlocks.

(A)* An interlock to prove that each induced draft (ID) fan is
running and capable of providing the required flow shall be
provided. Loss of such proofs shall initiate loss of induced
draft fan interlocks.
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(B) Associated damper(s) shall be closed on loss of an indi-
vidual induced draft fan, unless it is the last induced draft fan
in service.

(C) Where an interlock system is provided to start, stop, and
trip induced draft fans and forced draft fans in pairs, the asso-
ciated forced draft fan shall be tripped on loss of an individual
induced draft fan, and the dampers associated with both fans
shall be closed, provided they are not the last fans in service. If
they are the last fans in service, the dampers associated with
both fans shall remain open.

(D) Onloss of all induced draft fans, all forced draft fans shall
be tripped. All induced draft fan dampers shall be opened
after a time delay to minimize high draft during fan coast-
down. Dampers shall remain open and fans shall be started in
accordance with 6.5.3.2 through 6.5.3.3.4. Gas recirculation
fan system dampers shall be closed.

(E) The master fuel trip (not necessarily automatic) shall be
activated when the furnace negative pressure exceeds the value
recommended by the manufacturer. If fans are operating after
the trip, they shall be continued in service. The airflow shall not
be increased by deliberate manual or automatic control actions.

(F) Before the main fuel firing and following a master fuel
trip, all induced draft fans shall be tripped if furnace negative
pressure exceeds the value recommended by the manufac-
turer. A short time delay shall be permitted to allow for the
negative pressure transients due to loss of the main flame. The
value of the negative pressure at which this trip is activated
shall be greater than that specified in 6.4.2.3.6(E).

6.4.2.3.7* Loss of Forced Draft Fan Interlocks.

(A)* An interlock to prove that each forced draft fan is run-
ning and capable of providing the required flow shall be pro-
vided. Loss of such proofs shall initiate loss of forced draft fan
interlocks.

(B) Associated damper(s) shall be closed on loss of an indi-
vidual forced draft fan, unless it is the last forced draft fan in
service.

(C) Where an interlock system is provided to start, stop, and
trip induced draft fans and forced draft fans in pairs, the asso-
ciated induced draft fan shall be tripped on loss of an indi-
vidual forced draft fan, and the dampers associated with both
fans shall be closed, provided they are not the last fans in
service. If they are the last fans in service, the induced draft fan
shall remain in controlled operation, and the dampers associ-
ated with the forced draft fan shall remain open.

(D) Onloss of all forced draft fans, all forced draft fan damp-
ers shall be opened after a time delay to minimize high duct
pressure during fan coastdown. Dampers shall remain open.
Gas recirculation fan system dampers shall be closed.

(E) The master fuel trip shall be activated when the furnace
pressure exceeds the maximum pressure value recommended
by the manufacturer. If fans are operating after the trip, they
shall be continued in service. The airflow shall not be in-
creased by deliberate manual or automatic control actions.

(F) Before main fuel firing and following a 5 minute period
after a master fuel trip (furnace postpurge), forced draft fans
shall be tripped if the furnace pressure exceeds the maximum
pressure value recommended by the manufacturer.
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FIGURE 6.4.2.3.1 Interlock System for Multiple Burner Boiler.
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Table 6.4.2.3.1(a) Interlock System for Multiple Burner Boiler

Block
Number

Action

Block 1

Loss of an individual igniter flame shall cause the following actions:

(1) Close the individual igniter safety shutoff valve(s) and de-energize the spark(s)
(2) Open the vent valve (gas ignition only)

(3) Signal the main flame protection system that the igniter flame has been lost

Block 2al

High or low igniter fuel gas header pressure shall be interlocked to initiate the
tripping of the igniter header and individual igniter safety shutoff valves and
de-energize sparks.

Block 2a2

Low igniter fuel oil header pressure shall be interlocked to initiate the tripping of
the igniter header and individual igniter safety shutoff valves and de-energize
sparks.

Block 2b

Where oil is used for ignition fuel with air or steam atomization, atomizing air or
steam pressure out of range shall trip the igniter and individual igniter safety
shutoff valves and de-energize sparks.

Where direct electric igniters are used, blocks 1 and 2 shall not apply. However, the
master fuel trip system shall de-energize sparks and prevent re-energizing until all
conditions for light-off have been re-established.

Blocks 3
through 12

These blocks represent conditions that initiate the tripping of all main and ignition
fuel supplies through a master fuel trip relay(s). The master fuel trip relay(s) shall
be of the type that stays tripped until the unit purge system interlock permits it to
be reset, as shown in Figure 6.4.2.3.4. Whenever the master fuel trip relay(s) is
operated, it shall trip all fuel safety shutoff valves and de-energize sparks and all
ignition devices within the unit and flue gas path.

The master fuel trip relay(s) shall also trip the oil system circulating and
recirculating valves. If the design of the oil supply system is such that backflow of
oil through the recirculating valve is inherently impossible or positively prevented,
this valve shall be permitted to be manually operated and shall not be required to
be interlocked to close automatically on a master fuel trip.

The master fuel trip relay(s) shall also trip the coal burner line shutoff valves or take
equivalent functional action to stop coal delivery to burners, primary air fans or
exhausters, and coal feeders.

Block 3

The loss of all induced draft fans shall activate the master fuel trip relay.

Block 4

The loss of all forced draft fans shall activate the master fuel trip relay.

Block 5

Low combustion airflow below the permitted limits shall activate the master fuel trip
relay.

Block 6

High furnace pressure, such as that resulting from a tube rupture or damper failure,
shall activate the master fuel trip relay.

Block 7

Loss of all flame in the furnace shall activate the master fuel trip relay.

Block 8

A partial loss of flame that results in a hazardous condition shall activate the master
fuel trip relay.

Block 9

When all fuel inputs to the furnace are shut off following a shutdown of the boiler
for any reason, the master fuel trip relay shall be activated in accordance with
Table 6.4.2.3.1(b) or Table 6.4.2.3.1(c).

Block 10

A manual switch that actuates the master fuel trip relay directly shall be provided for
use by the operator in an emergency.

Block 11

The igniter fuel trip shall activate the master fuel trip relay in accordance with Table
6.4.2.3.1(b) or Table 6.4.2.3.1(c), if igniter fuel is the only fuel in service or if it is
being used to stabilize a main fuel.

Block 12a

When the gas burner header fuel pressure is above the maximum or below the
minimum for a stable flame, that fuel shall be tripped. If gas is the only fuel in
service, the master fuel trip relay shall be actuated.

Block 12b

When the oil burner header fuel pressure is below the minimum for a stable flame,
that fuel shall be tripped. If oil is the only fuel in service, the master fuel trip relay
shall be actuated.
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Table 6.4.2.3.1(a) Continued

Block

Number Action

Block 12¢ This block represents operation of the oil fuel trip to prevent operation when
atomizing air or steam pressure is out of range. If oil is the only fuel in service, the
master fuel trip relay shall be actuated.

Block 12d This block represents the tripping/shutdown of coal-firing equipment that will cause
a coal fuel trip. If coal is the only fuel in service, the master fuel trip relay shall be
actuated.

Block 13a Loss of flame at an individual gas or oil burner with one or more additional burners
operating with stable flames that does not introduce a serious enough condition
to warrant a master fuel trip as called for in block 8 shall close the individual
burner safety shutoff valve(s) and associated igniter safety shutoff valve (s) and
de-energize the associated igniter spark. For gang-operated burner valves, the
requirements of 6.6.5.2.1.3(B) (19) and 6.7.5.2.3.2(T) shall be met.

Block 13b On loss of main coal burner flame, the tripping strategies of 6.8.4 shall be followed.

Table 6.4.2.3.1(b) Fuel Inputs Shutoff When Class 1 Igniters
Are Used

Table 6.4.2.3.1(c) Fuel Inputs Shutoff When Class 2 or Class

3 Igniters Are Used

Condition Action Required

Condition

Action Required

(1) First igniter(s) fails to
light after successful unit
purge. [See
6.6.5.2.1.3(B)(9),
6.7.5.2.3.2(]), and
6.8.5.2.1.3(B)(7).]

(1) Igniter valve(s) shall be
closed immediately. Master
fuel trip not required, but
a 1 minute delay shall be
required before retrial of
that or any other igniter.

(2) Any igniters proven on,
all burner valves remain
closed, all igniter valves
subsequently closed.

(2) Master fuel trip shall be
actuated.

(1) First igniter(s) fails to light
after successful unit purge.
[See 6.6.5.2.1.3(B)(9),
6.7.5.2.3.2(]), and
6.8.5.2.1.1(7).]

(1) Igniter valve(s) shall be
closed immediately.
Master fuel trip not
required, but a 1 minute
delay shall be required
before retrial of that or
any other igniter.

(3) Any igniter(s) proven on, | (3) Associated main gas fuel

(2) Any igniters proven on, all
burner valves remain closed,
all igniter valves
subsequently closed.

(2) Master fuel trip shall be
actuated.

any burner valve leaves
closed limit, all burner
valves subsequently closed,
no other main fuel in
service, igniter(s) remain
proven.

trip valve and/or oil fuel
trip valve shall be closed
(gas fuel trip and/or oil
fuel trip), proven igniters
shall be permitted to
remain in service.

(3) Any igniter(s) proven on,
any burner valve leaves
closed limit, all burner valves
subsequently closed, no
other main fuel in service,
igniter(s) remain proven.

(3) Master fuel trip shall be
actuated.

(4) Any igniter(s) proven on,
any pulverizer startup
initiated, all pulverizers
subsequently stopped, no
other main fuel in service,
igniter(s) remain proven.

(4) Proven igniters shall be

permitted to remain in
service.

(5) All igniter and burner
valves closed and all feeders
or pulverizers stopped.

(5) Master fuel trip shall be

actuated.

(4) Any igniter(s) proven on,
any pulverizer startup
initiated, all pulverizers
subsequently stopped, no
other main fuel in service,
igniter(s) remain proven.

(4) (a) If first pulverizer

fails to ignite as described
in 6.8.5.2.1.3(B) (11),
master fuel trip shall be
actuated.

(b) If last pulverizer in
service is tripped, master
fuel trip shall be actuated.
(c) If last pulverizer in
service is taken out of
service in a normal
shutdown sequence by an
operator, proven igniters
shall be permitted to
remain in service.

(5) All igniter and burner
valves closed and all feeders
or pulverizers stopped.

(5) Master fuel trip shall be

actuated.
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FIGURE 6.4.2.3.4 Unit Purge Interlocks.

6.4.2.3.8 Multiple and Variable-Speed Fan Interlocks. On
start of the second fan and subsequent fan(s), whether the
forced draft or induced draft type, the fan shall be capable of
delivering airflow before opening its damper(s).

6.4.2.3.9 Trips and Interlocks for Individual Pulverizer Sub-
system on Direct-Fired Furnaces.

6.4.2.3.9.1 Mandatory Automatic Pulverizer Subsystem Trips.
A direct-fired pulverized coal system shall be interlocked so
that trips are initiated in accordance with 6.4.2.3.9.1(A)
through 6.4.2.3.9.1(C).

(A) Failure of the primary air fan or exhauster shall trip the
coal burner shutoff valve, or equivalent, and feeder. The
manufacturer’s requirements regarding pulverizer tripping

shall apply.

(B) Failure of the pulverizer shall trip the feeder and primary
airflow.

(C) Failure of the feeder shall initiate an alarm, and restart-
ing shall be blocked until feeder start-up conditions are re-
established.

6.4.2.3.9.2 Mandatory Pulverizer Subsystem Trips — Not
Necessarily Automatically Initiated.

(A) Loss of igniters or ignition energy less than required to
safely ignite the associated coal burners during the start-up of
a pulverizer shall trip that pulverizer subsystem.

(B) Loss of individual coal burner flame shall trip that burner
or its pulverizer subsystem. (See 6.8.5.2.2.8.)

(C)* Loss of coal feed to the burners of a pulverizer subsystem
shall trip the feeder. Feeder tripping shall not be required if
the associated Class 1 igniters are in operation.

6.4.2.3.9.3 Mandatory Sequential Starting Interlocks. Permis-
sive sequential interlocking shall be arranged so that the pul-
verizer subsystem is started only in the following sequence:

(1) Igniters for all burners served by the pulverizer are in ser-
vice and proven.

(2) The primary air fan or exhauster is started.

(3) The pulverizer is started.

(4) The raw coal feeder is started.

6.4.2.3.10 Interlocks and Trips for Reburn Fuel. The follow-
ing interlocks shall initiate a reburn fuel trip:

(1) Master fuel trip

(2) Operator-actuated manual trip switch
(3) Reburn gas header pressure high or low
(4) Reburn fuel oil header pressure low
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(5) Reburn fuel oil atomizing medium pressure outside of
specified limits

(6) Failure or low flow of all reburn fuel (coal) transport
equipment

(7) Failure of all reburn fuel (coal) feed or preparation
equipment

(8)*Boiler load less than the minimum for reburn operation

(9) Overfire airflow, where used, less than the minimum for
reburn operation as specified by the reburn system
manufacturer

(10) Loss of temperature or loss of flame as specified in

6.6.3.4.2 and 6.6.3.4.3

6.4.2.3.11* Interlocks and Trips for Selective Catalytic Reduc-
tion (SCR). The following interlocks shall initiate a trip of or
prevent the operation of the ammonia feed to the SCR system:

(1) Master fuel trip
(2) SCR isolated from flue gas stream (for an SCR with isola-
tion and bypass dampers (See Section 6.9.)

6.4.2.3.12 Interlocks and Trips for Duct Burners.

6.4.2.3.12.1 The following interlocks shall initiate a duct
burner fuel trip:

(1) Master fuel trip

(2) Operator-actuated manual trip switch

(3) Duct burner fuel header pressure out of limits

(4) Augmentation air, where used, less than the minimum for
duct burner operation

(5)*Loss of flame at all duct burners

(6) Closure of all individual duct burner safety shutoff valves

(7) Duct burner discharge temperature high

6.4.2.3.12.2 All duct burner header, individual duct burner,
and igniter safety shutoff valves shall be proven closed by valve
position for the unit purge.

Exception:  Where the igniter capacity is 1.5 MW, (5 million Btu/hr)
or less, proof of closure of individual igniter safety shutoff valves by
means other than valve position shall be permitted.

6.4.2.3.12.3 Any augmentation air supply system for duct
burners in the flue gas path shall be proven in service for the
unit purge.

6.4.3 Alarm System.
6.4.3.1 Functional Requirements.

6.4.3.1.1* Alarms shall be used to indicate equipment mal-
function, hazardous conditions, and misoperation. For the
purpose of this code, the primary concern shall be alarms that
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indicate conditions that pose a threat of impending or imme-
diate hazards.

6.4.3.1.2 Alarm systems shall be designed so that, for the re-
quired alarms in 6.4.3.2, the operator receives audible and
visual indication of the out-of-limits condition.

6.4.3.1.3 Means shall be permitted to silence the audible
alarm after actuation, but the visual indication shall continue
until the condition is within acceptable limits.

6.4.3.1.4 Where equipment malfunction makes it necessary
to manually defeat an alarm, it shall be performed by autho-
rized personnel and the alarm shall be tagged as inoperative.

6.4.3.2% Required Alarms. Fuel-specific alarms shall be pro-
vided for all design basis fuels, and in addition to the trip
alarms in the interlock system shown in Figure 6.4.2.3.1 and
Table 6.4.2.3.1(a), the separately annunciated alarms in
6.4.3.2.1 through 6.4.3.2.41 shall be provided.

6.4.3.2.1 Ignition Fuel Gas Header Pressure (High and Low).
The ignition fuel gas header pressure shall be monitored as
close to the burners as practicable.

6.4.3.2.2 Ignition Fuel Oil Header Pressure (Low). The igni-
tion fuel oil header pressure shall be monitored as close to the
burners as practicable.

6.4.3.2.3 Igniter Atomizing Steam or Air Pressure (Low). For
steam or air-assisted igniters, an alarm shall be provided to
warn that steam or air pressure is outside the operating range
and that poor oil atomization is possible.

6.4.3.2.4 Fuel Gas Supply Pressure (High and Low).

(A) The gas pressure supplied to the plant shall be monitored
at a point as far upstream of the final constant fuel pressure
regulator, main fuel control, and main safety shutoff valves as
practicable.

(B) These alarms shall warn the operator of pressure condi-
tions that might result in damage to equipment or indicate a
complete loss of gas supply.

6.4.3.2.5 Fuel Gas Meter Pressure (High and Low).

(A) The fuel gas meter pressure shall be monitored at the
upstream tap if the fuel gas flowmeter is part of the combus-
tion control system and is not pressure compensated.

(B) These alarms shall warn the operator that significant er-
ror is present in the flow signal to the control system.

6.4.3.2.6 Fuel Gas Burner Header Pressure (High and Low).
The burner header gas pressure shall be monitored as close to
the burners as practicable.

6.4.3.2.7 Main Oil Supply Pressure (Low).

(A) The oil supply pressure shall be monitored at a point as
far upstream of the main fuel control and safety shutoff valves
as practicable.

(B) This alarm shall warn the operator of pressure conditions
that might indicate a complete loss of oil supply.

6.4.3.2.8 Main Oil Viscosity (High). The main oil temperature
shall be monitored to warn that the fuel oil temperature is
dropping and that poor atomization of the oil is possible. [See
A.6.4.3.2(8).]

6.4.3.2.9 Fuel Oil Burner Header Pressure (Low). The burner
header oil pressure shall be monitored as close to the burners
as practicable.

6.4.3.2.10 Atomizing Steam or Air Pressure (Low). For steam
or air-assisted burners, an alarm shall be provided to warn that
the steam or air pressure and oil pressure are outside the op-
erating range and that poor oil atomization is possible.

6.4.3.2.11 Pulverizer Tripped. An alarm shall indicate when
the pulverizer is automatically tripped (not intentionally shut
down).

6.4.3.2.12 Primary Air Fan Tripped. An alarm shall indicate
when the primary air fan is automatically tripped (not inten-
tionally shut down).

6.4.3.2.13 Coal Stoppage to Pulverizer. An alarm shall indi-
cate when the feeder is running and the coal detecting device
indicates no coal is flowing or when the feeder is automatically
tripped (not intentionally shut down).

6.4.3.2.14 Coal-Air High Temperature. An alarm shall indi-
cate when coal-air temperature within or at the pulverizer out-
let exceeds design operating limits. (See 9.5.4.)

6.4.3.2.15 Furnace Pressure (High). This pressure shall be
measured as close to the furnace pressure tap used for control
as practicable.

6.4.3.2.16 Furnace Draft (High). This alarm applies to bal-
anced draft furnace operation, which shall be measured as
close to the furnace draft tap used for control as practicable.

6.4.3.2.17 Loss of Operating FD Fan. This condition shall be
sensed and alarmed only when the fan is not operating when
expected.

6.4.3.2.18 Loss of Operating ID Fan. This alarm applies to
balanced draft furnace operation. It shall be sensed and
alarmed only when the fan is not operating when expected.

6.4.3.2.19 Furnace Airflow (Low). This condition shall be
sensed and alarmed when total airflow falls below purge rate.

6.4.3.2.20 Loss of Interlock Power.

(A) This condition shall be sensed and alarmed and shall
include all sources of power necessary to complete interlock
functions.

(B) If more than one source of energy, such as electric power,
compressed air, or hydraulics, is needed for an interlock
scheme, loss of each source of energy shall be alarmed sepa-
rately.

6.4.3.2.21 Loss of Control Power. This condition shall be
sensed and alarmed to include any sources of power for the
control systems.

6.4.3.2.22 Loss of Flame. A partial or total loss of flame enve-
lope still receiving fuel shall be monitored and alarmed.

6.4.3.2.23 Burner Valves Not Closed. The closed position of
individual burner safety shutoff valves shall be monitored, and
failure of any valve to close following a trip shall be alarmed.

6.4.3.2.24 Drum Water Level (Low). The average water level
in the boiler drum shall be monitored and shall alarm when
the level in the drum drops to the lowest operating point, as
recommended by the manufacturer.
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6.4.3.2.25 Initiation of Directional Blocking or Override Ac-
tion. Initiation of directional blocking or override action
within the furnace pressure control system shall be monitored
and alarmed.

6.4.3.2.26 Redundant Transmitter Malfunctions. Redundant
transmitter malfunctions within the furnace pressure control
system shall be monitored and alarmed.

6.4.3.2.27 Axial Flow Fan Nearing Stall Line.
6.4.3.2.28 Reburn Fuel Gas Pressure (High and Low).
(A) This alarm shall apply to units with a reburn system.

(B) The reburn fuel header pressure shall be monitored as
close to the burners/injectors as practicable in order to warn
the operator of abnormal fuel pressures in advance of trip
conditions.

6.4.3.2.29 Failure of Reburn Safety Shutoff Valve to Close.
(A) This alarm shall apply to units with a reburn system.

(B) The closed position of reburn safety shutoff valves shall
be monitored, and failure of any valve to close following a trip
shall be alarmed.

6.4.3.2.30 Reburn Fuel Oil Supply Pressure Low.

6.4.3.2.31 Reburn Fuel Oil Temperature Low. A low fuel oil
temperature alarm shall be provided if the reburn fuel needs
to be heated to maintain viscosity for correct atomization.

6.4.3.2.32 Reburn Atomizing Steam or Air Pressure Low. A
low differential pressure alarm between the fuel oil and the
atomizing medium or a low atomizing pressure alarm shall be
provided, depending on the requirements.

6.4.3.2.33 Reburn Fuel (Coal) Transport Flow (Low). This
alarm shall apply to units with a reburn system.

6.4.3.2.34 Reburn Fuel (Coal) Transport Temperature
(High). This alarm shall apply to units with a reburn system.

6.4.3.2.35 Reburn Fuel (Coal) Preparation System Fault.
(A) This alarm shall apply to units with a reburn system.

(B) Any failure of the fuel preparation equipment that results
in reburn fuel preparation outside design specifications shall
be alarmed.

6.4.3.2.36 Flue Gas Combustibles (High).
(A) This alarm shall apply to units with a reburn system.

(B) This alarm shall occur when combustible mixtures mea-
sured by the analyzer exceed 1 percent by volume of the flue

gas.

6.4.3.2.37 Furnace Temperature (Low). This alarm shall ap-
ply to units with a reburn system and shall be set as defined in
6.6.3.4.2,6.7.3.5.2, and 6.8.3.5.2.

6.4.3.2.38 Duct Burner Fuel Header Pressure (High and
Low). The duct burner header pressure shall be monitored as
close to the duct burners as practicable.

6.4.3.2.39 Failure of Duct Burner Safety Shutoff Valve to
Close. The closed position of all duct burner safety shutoff
valves shall be monitored, and failure of any valve to close shall
be alarmed.
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6.4.3.2.40 Duct Burner Igniter Fuel Header Pressure (High
and Low). The duct burner igniter header pressure shall be
monitored as close to the duct burners as practicable.

6.4.3.2.41 Duct Burner Discharge Temperature (High). This
alarm shall indicate when the duct burner outlet temperature
exceeds design operating limits.

6.5 Furnace Implosion Protection.
6.5.1* General.
6.5.1.1 The requirements of Section 6.5 shall be applied to

minimize the risks of negative furnace draft in excess of fur-
nace structural capability.

6.5.1.2 One or both of the following methods shall be used:

(1) The furnace and flue gas removal system shall be de-
signed so that the maximum head capability of the in-
duced draft fan system with ambient air does not exceed
the design pressure of furnace, ducts, and associated
equipment. This design pressure shall be defined the
same as and shall be in accordance with the wind and
seismic stresses of ASCE 7, Minimum Design Loads for Build-
ings and Other Structures.

(2) A furnace pressure control system shall be provided in
accordance with 6.5.2, and furnace design shall be in ac-
cordance with 4.6.1.

6.5.2 Furnace Pressure Control Systems (Implosion Protection).

6.5.2.1 Functional Requirements. The furnace pressure con-
trol system shall control the furnace pressure at the desired set
point in the combustion chamber.

6.5.2.2 System Requirements.

6.5.2.2.1 The furnace pressure control subsystem (A), as
shown in Figure 6.5.2.2.1, shall position the draftregulating
equipment so as to maintain furnace pressure at the desired
set point.

6.5.2.2.2 The control system, as shown in Figure 6.5.2.2.1,
shall include the following features and functions:

(1) Three furnace pressure transmitters (B) in an auction-
eered median-select system, each on a separate pressure-
sensing tap and suitably monitored (C) to minimize the
possibility of operating with a faulty furnace pressure
measurement

(2) Afeed-forward signal (D), representative of boiler airflow
demand, which can be permitted to be a fuel flow signal, a
boiler-master signal, or other index of demand, but not a
measured airflow signal

(3) An override action or directional blocking (E) on large
furnace draft errors introduced after the auto/manual
transfer station (F)

(4) Afeed-forward action (G) initiated by a master fuel trip to
minimize the pressure excursions, introduced after the
auto/manual transfer station (F)

(5) Axial fans, where used, operated in their stable range to
prevent a stall condition to prevent uncontrolled changes
in airflow or flue gas flow

6.5.2.3 Component Requirements. The furnace pressure con-
trol element(s) [(H) in Figure 6.5.2.2.1] (draft fan inlet
damper drive, blade pitch control, speed control) shall meet
the following criteria:

(1)*The operating speed shall not exceed the control system’s
sensing and positioning capabilities.

(2) The operating speed of the draft control equipment shall
not be less than that of the airflow control equipment.
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FIGURE 6.5.2.2.1 Systems Requirements.

6.5.3 Sequence of Operations Requirements. The purpose of
sequencing shall be to ensure that the operating events occur
in the order required.

6.5.3.1 Fan start-up and shutdown procedures as defined by
manufacturers, engineering consultants, and operating com-
panies shall be coordinated with the operating procedures
specified in this section and in the related sections applicable
to the fuel being fired as follows:

(1) Gas-ired systems, Section 6.6
(2) Oilfired systems, Section 6.7
(3) Pulverized coal-fired systems, Section 6.8

6.5.3.2 Open-Flow Air Path.

6.5.3.2.1 An open-flow air path from the inlet of the forced
draft fans through the stack shall be ensured under all operat-
ing conditions.

6.5.3.2.2 Where the system design does not permit the use of
fully open air paths, the minimum open area air paths shall be
not less than that required for purge airflow requirements
with fans in operation.

6.5.3.2.3 Isolating dampers, windbox dampers, air registers,
and other control dampers shall be opened as required to
ensure an open-flow path from the forced draft fan inlet
through the furnace, the induced draft fans, and the stack.

6.5.3.2.4 Provision of the open path shall be ensured while
starting the first induced draft fan and forced draft fan.

6.5.3.2.4.1* On installations with multiple induced draft fans
or forced draft fans, the following shall apply:

(1) Unless an alternative open-flow path is provided, all fan
control devices and shutoff dampers shall be opened in
preparation for starting the first induced draft fan.

(2)*Within the limitations of the fan manufacturer’s recom-
mendations, all flow control devices and shutoff dampers
on idle fans shall remain open until the first induced draft
fan and the first forced draft fans are in operation while
maintaining furnace pressure conditions and indication
of an open-flow path.

6.5.3.2.4.2 On installations with a single induced draft fan or
forced draft fan, the following shall apply:

(1) The induced draft fan’s associated control devices and
shutoff dampers shall be permitted to be closed as re-
quired during the fan’s start-up.

(2) The forced draft fan’s associated flow control devices and
shutoff dampers shall be brought to the position that lim-
its the starting current for the fan’s start-up and then shall
be brought to the position for purge airflow during fan
operation.

6.5.3.3 Starting and Stopping Fans.

6.5.3.3.1 The sequence for starting and stopping fans under
all conditions shall be as follows:

(1) An induced draft fan shall be started and followed by the
start of a forced draft fan.

(2) Succeeding induced draft and forced draft fans shall be
started in accordance with 6.5.3.3.2 and 6.5.3.3.4.

(3) Shutdown procedures shall be the reverse of those speci-
fied in 6.5.3.3.1(1) and 6.5.3.3.1(2).

6.5.3.3.2 Where starting and stopping fans, the methods em-
ployed and the manipulation of the associated control ele-
ments shall minimize furnace pressure and airflow excursions.

6.5.3.3.3 The practice of operating with excess induced draft
fan capability in relation to either forced draft fan capability
or boiler load shall be prohibited.

6.5.3.3.4 The furnace pressure control subsystem shall be
placed and maintained on automatic control as soon as
practicable.

6.5.3.3.5 Following shutdown of the last fan due to any cause,
the opening of fan dampers shall be delayed or controlled to
prevent positive or negative furnace pressure transients in ex-
cess of design limits during fan coastdown.

6.5.4 Interlock System Functional Requirements.

6.5.4.1 The functional requirements for interlock systems
shall be as specified in 6.4.2.

6.5.4.2 Not all conditions conducive to a furnace implo-
sion are detected by any of the mandatory automatic-trip
devices, even though such devices are adjusted and main-
tained in accordance with the manufacturer’s instructions
and as required by this standard; therefore, operating per-
sonnel shall be made aware of the limitations of the auto-
matic protection system.

6.6 Fuel Gas Systems.

6.6.1 General. The requirements of Section 6.6 shall apply to
installations where fuel gas is supplied.
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6.6.2 Gas Firing — Special Problems. In addition to the com-
mon hazards involved in the combustion of solid, liquid, and
gaseous fuels, the following special hazards related to the
physical characteristics of gas shall be addressed in the design
of the firing systems:

(1) Gasis colorless; therefore, a leak is not visually detectable.
In addition, detection of a gas leak by means of odor is
unreliable.

(2) Leakage within buildings creates hazardous conditions,
particularly where the gas piping is routed through con-
fined areas.

(a) Where the gas piping is routed through confined
areas, adequate ventilation shall be provided.

(b) Outdoor boilers tend to minimize confined-area
problems.
(3) The nature of fuel gas makes it possible to experience
severe departures from design air-fuel ratios without any
visible evidence at the burners, furnace, or stack that
could escalate into a progressively worsening condition.
(a) Combustion control systems that respond to reduced
boiler steam pressure or steam flow with an impulse
for more fuel, unless protected or interlocked to pre-
vent a fuel-rich mixture, are potentially hazardous.

(b) This hazard also applies to firing with fuel or air on
manual without the previously mentioned interlocks
or alarms. (See 6.4.2, 6.6.3, 6.6.4, and 6.6.5, which pro-
vide requirements, and Annex D.)

(4) Special requirements as defined in NFPA 54, National Fuel
Gas Code, must be taken with wet gas systems.

(5) Widely differing characteristics of gas from either a single
source or multiple sources could result in significant
change in the heat input rate to the burners without a
corresponding change in airflow.

(6) Relief valves and atmospheric vents must discharge into
areas away from building ventilation systems, sources of
ignition, or other areas where the discharge gases create a
hazard.

(7) Gas piping must be purged prior to and after mainte-
nance and repair, as detailed in NFPA 54, National Fuel Gas
Code.

6.6.3 System Requirements.

6.6.3.1 Fuel Supply Subsystem — Fuel Gas. The require-
ments in this subsection shall apply to fuel gas supply piping,
and all installed piping arrangements shall meet the func-
tional requirements of this code. [See Figure A.6.6.5.1.4(a) and
FigureA.6.6.5.1.4(b), which show the typical fuel gas piping arrange-
ments on which the text in this code is based. ]

6.6.3.1.1 Equipment Size and Arrangement.

(A) The fuel supply equipment shall be sized to satisfy the
design requirements and arranged to ensure a continuous,
steady fuel flow over all operating requirements of the unit.

(B) This requirement shall include coordination of the main
fuel control valve, burner safety shutoff valves, and associated
piping volume to ensure against fuel pressure transients that
exceed burner limits for stable flame as a result of placing
burners in service or taking them out of service.

6.6.3.1.2 Gas Supply System Outside the Boiler Room.

(A) The portion of the fuel supply system outside the boiler
room shall be arranged to prevent excessive fuel gas pressure

2004 Edition

in the fuel-burning system, even in the event of failure of the
main supply constant fuel pressure regulator(s).

(B) The requirement in 6.6.3.1.2(A) shall be accomplished
by providing full relieving capacity that is vented to a safe loca-
tion or by providing a high gas pressure trip when full reliev-
ing capacity is not installed. [See Figure A.6.6.5.1.4(b), which
shows a typical gas supply system outside the boiler room. |

6.6.3.1.3 A manual emergency fuel shutoff valve that is acces-
sible in the event of an emergency in the boiler area shall be
provided.

6.6.3.1.4 The fuel supply equipment shall be designed to in-
hibit fuel contamination.

6.6.3.1.5 Access to important fuel system components shall
be provided.

6.6.3.1.6 Drains shall be provided at low points in the piping.

6.6.3.1.7 The fuel supply equipment shall be capable of con-
tinuing uninterrupted fuel flow during anticipated furnace
pressure pulsation.

6.6.3.1.8 The fuel supply equipment shall be designed based
on the operating environment and ambient conditions.

6.6.3.1.9 The piping shall be designed to be resistant to se-
vere external conditions such as fire or mechanical damage.

6.6.3.1.10 A double block and vent valve arrangement shall
be provided in the fuel line to each burner and each igniter.

6.6.3.1.11 Tightness tests of the main safety shutoff valves,
individual burner safety shutoff valves, and associated vent
valves shall be performed.

6.6.3.1.12 Permanent provisions shall be made in the gas pip-
ing to allow for making leak tests and subsequent repairs.

6.6.3.1.13 Valves added in vent lines for leak testing shall be
either continuously monitored and alarmed when in the in-
correct position or be locked in the open position except
when leak testing is being performed.

6.6.3.1.14 The discharge from atmospheric vents and relief
valves shall be located so that there is no possibility of the
discharged gas being drawn into the air intake, ventilating sys-
tem, or windows of the boiler room or adjacent buildings and
shall be extended above the boiler and adjacent structures so
that gaseous discharge does not present a fire hazard.

6.6.3.1.15 Pressure relief valve vents shall not be manifolded
with instrumentation vents (e.g., pressure-regulating valve dia-
phragms, transmitters, and pressure switches).

6.6.3.1.16 Pressure relief valve vents shall not be manifolded
with burner vents, igniter vents, or header vents.

6.6.3.2 Main Burner Subsystem.
6.6.3.2.1* Stable Flame Limits.

(A) The main burner subsystem shall be designed so that the
burner inputs are supplied to the furnace continuously and
within their stable flame limits.

(B) Class 1 or Class 2 igniters, as demonstrated by test in
accordance with 4.6.2.3.2.4 and 6.6.3.2.2, shall be permitted to
be used to maintain stable flame.

6.6.3.2.2* Tests for Stable Flame Limits. The limits of stable
flame for each burner subsystem producing a separate flame
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envelope shall be determined by tests without the ignition sub-
system in service.

(A) These tests shall verify that transients generated in the
fuel and air subsystems do not affect the burners adversely
during operation.

(B) These tests shall include the expected range of fuels.

(C) These tests shall be repeated after any combustion pro-
cess modification, such as the addition of overfire air, low NO,_
burners, reburn, and after switching to any fuel not previously
tested.

6.6.3.2.3 Each main burner or burners in combination shall
provide enough system resistance or damping to the fuel and
airflow to override furnace pulsations and maintain stable
combustion.

6.6.3.2.4 Provisions shall be made for visual observation of
conditions at the burner ignition zone and for flame detection
equipment.

6.6.3.2.5* Maintenance.

(A) The burner equipment shall be in a location that allows
access for maintenance.

(B) The requirements of housekeeping in 4.4.1.2(8) shall be
followed.

6.6.3.2.6 All burner safety shutoff valves shall be located close
to the burner to minimize the volume of fuel left downstream
of the burner valves in the burner lines.

6.6.3.3 Flue Gas Recirculation to Burners.

(A) When flue gas or other inert gases are introduced to the
secondary air or combustion air being supplied to burners,
testing shall be used to demonstrate that the methods and
devices used provide uniform distribution and mixing.

(B) The oxygen content of the mixture being supplied to the
burners shall not be permitted to go below the limit specified
by the burner manufacturer or as proven by tests to provide
stable combustion.

(C) Means shall be provided to monitor either the ratio of
flue gas to air or the oxygen content of the mixture.

6.6.3.4 Reburn Fuel Supply Subsystem — Fuel Gas.

6.6.3.4.1 Positive means to prevent leakage of gas into an idle
furnace shall be provided.

(A) Provisions shall include a double block and vent valve
arrangement on the reburn fuel gas supply, separate from any
other double block and vent valve arrangements for other sys-
tems, that is, igniters or main burners.

(B) Provisions shall be made to vent the piping between indi-
vidual reburn shutoff valves and the last main reburn safety
shutoff valve.

6.6.3.4.2 Furnace Temperature Tests.

6.6.3.4.2.1 Furnace temperature at the location of reburn fuel
injection shall be at least 167°C (300°F) above the autoignition
temperature of the reburn fuel and shall be verified by test.

6.6.3.4.2.2 The tests shall be performed for a variety of boiler
loads, burner firing configurations, furnace cleanliness condi-
tions, and excess air levels to determine the conditions under
which reburn operation shall be permitted.

6.6.3.4.3% Fuel reburn systems shall include either tempera-
ture monitoring or reburn flame sensors.

6.6.3.4.4 Fuel reburn systems shall utilize a flue gas combus-
tibles analyzer to detect combustibles.

6.6.3.5 Duct Burner Fuel Supply Subsystem — Fuel Gas.

6.6.3.5.1 Positive means shall be provided to prevent leakage
into an idle furnace using a double block and vent valve ar-
rangement on the fuel supply to each individual duct burner
that is independent of any other burner, igniter, or injection
system.

6.6.3.5.2 A main duct burner safety shutoff valve shall be pro-
vided that is independent of any other main gas, igniter, or
reburn safety shutoff valve.

6.6.3.5.3 Provisions shall be made to vent the piping between
individual duct burner shutoff valves and the main duct
burner safety shutoff valve.

6.6.3.5.4 Flame monitoring and tripping of individual duct
burners shall be provided in accordance with 6.6.4.

6.6.3.6 Augmented Air.

6.6.3.6.1 Where provided, the fan(s) supplying augmented
air to the duct burners shall be operated in accordance with
the instructions provided by the duct burner manufacturer,
the supplier of the augmented air system, and the organiza-
tion having responsibility for the overall design.

6.6.3.6.2 Upon failure of an augmented air supply, means
shall be provided to prevent hot gases from exiting through
the augmented air system.

6.6.4 Flame Monitoring and Tripping System.

6.6.4.1 Each burner shall be supervised individually, and
upon detection of loss of a burner flame, that individual
burner safety shutoff valve shall be automatically closed.

6.6.4.1.1 Class 1 Igniters.

(A) Where Class 1 igniters are provided, the main burner
flame shall be proven either by the flame detector or by the
igniter being proven.

(B) At least one flame detector shall be provided for each
burner to detect the burner flame or igniter flame where a
Class 1 igniter is provided.

6.6.4.1.2 Class 2 Igniters.

(A) Burners with Class 2 igniters shall have at least two flame
detectors.

(B) One detector shall be positioned to detect the main
burner flame and shall not detect the igniter flame.

(C) The second detector shall be positioned to detect the
igniter flame during prescribed light-off conditions.

6.6.4.1.3 Class 3 Igniters.

(A) Burners with Class 3 igniters shall have at least one flame
detector.

(B) The detector shall be positioned to detect the igniter
flame.

(C) The detector also shall detect the main burner flame
after the igniter is removed from service at the completion of
the main burner trial for ignition.
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6.6.4.2 Upon detection of loss of all flame in the furnace or
partial loss of flame to the extent that hazardous conditions
develop as defined in Table 6.4.2.3.1(a) and Figure 6.4.2.3.1,
block 8, a master fuel trip shall be automatically initiated.

6.6.4.3 Regardless of the number or pattern of flame loss
indications used for tripping, loss of flame indication on an
operating burner or “flame envelope” shall initiate an alarm
that warns the operator.

6.6.4.4* Flame Tripping Validation.

(A) The flame tripping concept used on the unit shall have
been validated by the boiler manufacturer for the specific fur-
nace configuration being used.

(B) The validation as required in 6.6.4.4(A) shall not be used
to replace unit acceptance tests relating to proof of design,
function, and components.

6.6.4.5 Reburn System.

(A) The reburn system shall be shut down in accordance with
the reburn system manufacturer’s requirements if the tem-
perature falls below the limit specified in 6.6.3.4.2.

(B) The reburn system shall be tripped if the temperature
drops to 56°C (100°F) below the limit specified in 6.6.3.4.2.

(C) Loss of flame shall trip the operation of the reburn sys-
tem or portions of the reburn system in accordance with the
reburn system manufacturer’s requirements.

6.6.5 Sequence of Operations.
6.6.5.1 General.

6.6.5.1.1 Sequencing shall be required to ensure that operat-
ing events occur in the order established by proven operating
procedures.

6.6.5.1.2 Sequencing shall follow procedures that allow fuel
that falls within design specifications to be admitted to the
burners only when there is ignition energy and airflow within
minimum design requirements needed to ignite the fuel as it
enters the furnace.

6.6.5.1.3 Sequencing also shall be utilized where burners are
removed from operation.

6.6.5.1.4*% The sequences of operation in 6.6.5 shall be fol-
lowed whether the unit is operated manually or certain func-
tions are accomplished by interlocks or automatic controls.
[See Figure A.6.6.5.1.4(a) and Figure A.6.6.5.1.4(b), which show the
lypical piping arrangements on which the text in 6.6.5 is based. ]

6.6.5.1.5 The starting and shutdown sequence outlined in
6.6.5 shall be followed to ensure an air-rich furnace atmo-
sphere during start-up and establish minimum velocities
through the furnace to prevent hazardous accumulations of
unburned fuel.

(A) The sequence shall provide the required practice of
maintaining a continuous airflow through the unit at the rate
that is used during the purge operation.

(B) The rate that is used during the purge operation shall be
maintained throughout the start-up and initial load-carrying
period of operation until such time as more fuel and air are
needed, which means that the same number of burner regis-
ters or burner dampers needed for purging the boiler shall be
left open throughout the starting sequence as described in
6.6.5.1.6 through 6.6.5.1.8.
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6.6.5.1.6 Burner Operation.

(A) Burners shall not be placed in service or removed in a ran-
dom pattern but in a sequence defined by operating instructions
and verified by actual experience with the unit to minimize lan-
ing or stratification of fuel or combustion products.

(B) Burners shall be placed in service as necessary, with fuel
flows and individual register or damper settings positioned for
light-off according to an established operating procedure.

(C) The fuel pressure at the burner header shall be permit-
ted to be used as a guide in maintaining the necessary fuel flow
for each burner and shall be maintained automatically within
prescribed limits as additional burners are placed in service.

(D) The total number of burners placed in service shall be
that number necessary to accomplish the following:

(1) Raise the boiler pressure or temperature
(2) Carry the initial load on the unit

(E) If some registers have been maintained in the closed po-
sition, the registers shall not be opened without either read-
justing the total airflow to maintain the same burner airflow or
closing an equal number of registers on idle burners to obtain
the same effect.

(F) The total furnace air throughput shall not be reduced
below the purge flow rate.

6.6.5.1.7* The open register light-off and purge procedure
shall be used to maintain airflow at or above the purge rate
during all operations of the boiler.

(A) The open register-purge procedure shall include the
following:

(1) Use of minimum number of required equipment ma-
nipulations, thereby minimizing exposure to operating
errors or equipment malfunction

(2) Creation of a fuel-rich condition at individual burners
during their light-off

(8) Creation of an air-rich furnace atmosphere during light-
off and warm-up by maintaining total furnace airflow at
the same rate as that needed for the unit purge

(B) This procedure shall incorporate the following conditions:

(1) All the registers necessary to establish airflow at or above
purge rate and uniform flow distribution throughout the
furnace placed in a predetermined open position

(2) Overfire air port dampers placed in a predetermined po-
sition providing a purge of the overfire air system

(3) A unit purge completed with the burner air registers and
overfire air ports in the position specified in 6.6.5.1.7(B) (1)
and 6.6.5.1.7(B) (2)

(4) Prior to being placed into service, components (e.g., pre-
cipitators, fired reheaters) containing sources of ignition
energy purged for either (1) a period of not less than
5 minutes or (2) five volume changes of that component,
whichever is longer

(5) Common component(s) between the furnace outlet and
the stack shared with other operating boilers bypassed for
unit purge

(6) The first burner or group of burners lighted without any
change in the airflow setting, overfire air control damper
position, or burner air register position, except as permit-
ted in 6.6.5.2.1.3(B) (8)
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(C) Each boiler shall be tested during initial start-up to deter-
mine whether any modifications to the procedure specified in
6.6.5.1.7 are required to establish ignition or to satisfy other
design limitations during light-off and warm-up.

(D) For boilers that are purged with the registers in their
normal operating position, it shall be allowed to momentarily
close the registers of the burner being lighted, if proven nec-
essary to establish ignition.

(E) Modifications in the basic procedure shall be allowed
only if they have been proven to be necessary to obtain light-
off.

(F) However, 6.6.5.1.7(A)(1) shall always be followed,
thereby satisfying the basic objectives in 6.6.5.1.7(B).

6.6.5.1.8 Modification to the mode of operation due to water,
steam, and flue gas temperatures being outside the estab-
lished limits in the economizers and superheaters shall be
made only after it has been determined to be necessary by
operating experience.

6.6.5.2 Functional Requirements.

6.6.5.2.1 Cold Start. This subsection shall cover the require-
ments for placing gas in service as the initial fuel being fired.
Subparagraph 6.6.5.2.6 shall cover the requirements for plac-
ing gas in service as a subsequent fuel.

6.6.5.2.1.1 Preparation for starting shall include a thorough
inspection that shall verify the following:

(1) The furnace and gas passages are free of foreign mate-
rial and not in need of repair.

(2)*The bottom of the furnace is free of accumulations of solid
or liquid fuel, gases, or vapors prior to each start-up.

(3) All personnel are evacuated from the unit and associated
equipment, and all access and inspection doors are
closed.

(4) All airflow and flue gas flow control dampers have been
operated through their full range to check the operating
mechanism and then are set at a position that allows the
fans to be started at a minimum airflow and without over-
pressuring any part of the unit.

(5) All individual burner dampers or registers that are sub-
ject to adjustment during operations have been oper-
ated through their full range to check the operating
mechanism.

(6) The drum water level is established in drum-type boilers,
and circulating flow is established in forced circulation
boilers, or minimum water flow is established in once-
through boilers.

(7) The oxygen and combustibles analyzer(s), if provided,
are operating as designed and a sample has been ob-
tained. Combustible indication is at zero and oxygen in-
dication is at maximum.

(8) All safety shutoff valves are closed. All sparks are de-
energized.

(9) Oil ignition systems meet the requirements of Section
6.7.

(10) The fuel system vents are open and venting to atmo-
sphere outside the boiler room. Lines are drained and
cleared of materials such as condensate.

(11) The burner elements and igniters are positioned in ac-
cordance with the manufacturer’s specifications.

(12) Energy is supplied to control systems and to interlocks.

(13) The meters or gauges indicate fuel header pressure to
the unit.

(14) A complete functional check of the interlocks has been
made after an overhaul or modification of the interlock
system.

(15)*An operational test of each igniter has been made. The
test has been integrated into the starting sequence and
has followed the unit purge and preceded the admission
of any main fuel.

(16) Individual igniters or groups of igniters also are permit-
ted to be tested while the unit is in service. Such tests are
made with no main fuel present in the igniter’s associ-
ated burner, and the burner air register is in its start-up
or light-off position as described in the established oper-
ating procedure.

(17)*Units with a history of igniter unreliability require addi-
tional test routines to verify the continuing operating
ability of igniters and ignition system components.

6.6.5.2.1.2 Where provided, regenerative air heaters and gas
recirculation fans shall be operated during all operations of the
unit in a manner recommended by the boiler manufacturer.

6.6.5.2.1.3 Starting Sequence.

(A) Operation of regenerative-type air heaters, precipita-
tors, and gas recirculation fans shall be included in the
start-up sequence in accordance with the manufacturer’s
recommendations.

(B) The starting sequence shall be performed in the follow-
ing order:

(1) An open flow path from the inlets of the forced draft
fans through the stack shall be verified.

(2) An induced draft fan, if provided, shall be started; a
forced draft fan then shall be started. Additional in-
duced draft fans or forced draft fans shall be started in
accordance with 6.5.3, as necessary, to achieve purge
flow rate.

(3) Dampers and burner registers shall be opened to the
purge position in accordance with the open register
purge method objectives outlined in 6.6.5.1.7.

(4) The airflow shall be adjusted to purge airflow rate, and a
unit purge shall be performed. Special provisions shall
be utilized as necessary to prevent the hazardous accu-
mulation of volatile vapors that are heavier than air or to
detect and purge accumulations in the furnace bottom.

(5) The main fuel control valve shall be closed and the main
safety shutoff valve (s) shall be opened, but only after the
requirements of 6.6.5.4.8 for leak test requirements and
6.4.2.3.4 for permissive conditions in the unit purge sys-
tem have been satisfied.

(6) It shall be determined that the main fuel control valve is
closed, and the following procedures shall be performed:

(a) The main fuel bypass control valve, if provided, shall
be set to maintain the necessary burner header fuel
pressure for light-off.

(b) The burner headers shall be vented in order to be
filled with gas and to provide a flow (if necessary) so
that the main fuel and bypass fuel control valves
function to regulate and maintain the correct pres-
sure for burner light-off.

(c) The main fuel control valve shall be opened when
necessary.

(d) The time needed to vent for control of header pres-
sure after header charging shall be evaluated and
minimized.
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(7)

(8)

9)

10)

(11)

(12)

The igniter safety shutoff valve shall be opened, and it
shall be determined that the igniter fuel control valve is
holding the manufacturer’s recommended fuel pressure
necessary to allow the igniter to operate at design capac-
ity. The following shall be performed:

(a) The igniter headers shall be vented in order to be
filled with gas and to provide a flow (if necessary) so
that the igniter fuel control valve functions to regulate
and maintain the pressure within design limits speci-
fied by the manufacturer for lighting the igniters.

(b) The time needed to vent for control of header pres-
sure after header charging shall be evaluated and
minimized.

The air register or damper on the burner selected for light-

off shall be adjusted to the position recommended by the

manufacturer or the established operating procedure, in
accordance with the requirements of 6.6.5.1.7(C) through
6.6.5.1.7(F).

The spark or other source of ignition for the igniter(s)

on the burner(s) to be lit shall be initiated as follows:

(a) The individual igniter safety shutoff valve (s) shall be
opened, and all igniter system atmospheric vent valves
shall be closed.

(b) If flame on the first igniter(s) is not established
within 10 seconds, the individual igniter safety shut-
off valve (s) shall be closed and the cause of failure to
ignite shall be determined and corrected.

(c) With airflow maintained at purge rate, repurge shall
not be required, but at least 1 minute shall elapse be-
fore attempting a retrial of this or any other igniter.

(d) Repeated retrials of igniters without investigating
and correcting the cause of the malfunction shall be
prohibited.

Where Class 3 special electric igniters are used, the

procedures described in 6.6.5.2.1.3(B) (1) through

6.6.5.2.1.3(B) (6), 6.6.5.2.1.3(B) (8), and 6.6.5.2.1.3(B) (11)

through 6.6.5.2.1.3(B) (14) shall be used, with recognition

of the requirements for individual main burner flame
supervision.

After making certain that the igniter(s) is established

and is providing the required level of ignition energy for

the main burner(s), the following shall be performed:

(a) The individual burner safety shutoff valve (s) shall be
opened and the individual burner atmospheric vent
valves shall be closed.

(b) The master fuel trip shall be initiated when the
flame detection system (s) indicates that ignition has
not been obtained within 5 seconds of the time the
fuel actually begins to enter the furnace.

(c) Purging shall be repeated, and the conditions that
caused the failure to ignite shall be corrected before
another light-off attempt is made.

(d) For the following burner and all subsequent burners
placed in operation, failure to ignite or loss of igni-
tion for any reason on any burner(s) shall cause fuel
flow to that burner(s) to stop.

(e) All conditions required by the manufacturer or by
established operating procedures for light-off shall
exist before restarting the burner(s).

After stable flame is established, the air register(s) or
damper(s) shall be adjusted slowly to its operating posi-
tion, making certain that ignition is not lost in the pro-
cess. With automatic burner management systems, the
air register shall be permitted to be opened simulta-
neously with the burner safety shutoff valve.
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(13)

Class 3 igniters shall be shut off at the end of the time
trial for proving the main flame, and the following shall
be verified:

(a) That the stable flame continues on the main burn-
ers after the igniters are shut off.

(b) That systems that allow the igniters to remain in ser-
vice on either an intermittent or a continuous basis
have been tested to meet all the requirements of
Class 1 igniters or Class 2 igniters with associated
interlocks in service.

That after the main burner flame is established, the
burner header atmospheric vent valve is closed. If the
charging valve is used, the burner header atmospheric
vent valve shall have been closed in accordance with
6.6.5.4.8. The main fuel bypass control valve shall auto-
matically control the burner header gas pressure.

(15)*The sequence shall continue as follows:

(16)

(17)

(18)

(a) The procedures in 6.6.5.2.1.3(B)(8) through
6.6.5.2.1.3(B) (13) shall be followed for placing
additional burners with open registers in service,
as necessary, to raise steam pressure or to carry
additional load.

(b) If used, automatic control of burner fuel flow and
burner airflow during the lighting and start-up se-
quence shall be in accordance with the require-
ments of 6.6.5.2.1.3(B) (17).

(c) The fuel flow to each burner (as measured by the
burner fuel header pressure) shall be maintained at
a controlled value that is compatible with the estab-
lished airflow through the corresponding burner.

(d) The established airflow through each open register
shall be permitted to be maintained by controlling
the windbox-to-furnace differential.

(e) Total furnace airflow shall not be reduced below
purge rate airflow and shall be at least that which is
necessary for complete combustion in the furnace.

(f) Ifitis necessary to vary fuel header pressure to elimi-
nate a problem of having excessive lighting off and
shutting down of burners, such variations shall be
limited to a predetermined range.

(g) This range shall be a function of the incremental
fuel input that is added by the lighting of a single
burner or gang of burners.

The maximum number of burners shall be placed in
service consistent with the anticipated continuous load
and the operating range of fuel header pressures.

The on-line metering combustion control (unless de-

signed specifically for start-up procedures) shall not be

placed into service until the following have occurred:

(a) A predetermined minimum main fuel input has
been attained.

(b) All registers on nonoperating burners are closed un-
less compensation is provided for by the control sys-
tem.

(c) The burner fuel and airflow are adjusted as necessary.

(d) Stable flame and specified furnace conditions have
been established.

It shall be permitted to place a multiple number of ignit-
ers in service that are served simultaneously from a
single igniter safety shutoff valve, provided that the ignit-
ers are reliably supervised, so that failure of one of the
group to light causes the fuel to all igniters in the group
to shut off.
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(19) Italso shall be permitted to place in service simultaneously
a multiple number of burners served by their correspond-
ing multiple igniters from a single burner safety shutoff
valve, provided that the burners are reliably supervised, so
that failure of one of the group to light causes the fuel to all
burners in the group to shut off.

(20) On units with an overfire air system, the overfire air con-
trol damper positions shall be permitted to be changed
only when repositioning of all burner air registers or
burner air dampers is permitted.

(21) On units with an overfire air system, the boiler shall be
operating in a stable manner before the overfire air is
introduced. The introduction of the overfire air shall
not adversely affect boiler operation.

(22) On units with an overfire air system and a reburn system,
the overfire air shall be placed in operation before the
reburn fuel sequence is started.

(23) Areburn system shall be placed in service only after the
boiler is operating at such a load as to ensure that the
introduction of the reburn fuel will not adversely affect
continued boiler operation and under the following
conditions:

(a) This requirementshall include aload that maintains
the required reburn zone temperatures in accor-
dance with 6.6.3.4.2.

(b) The boiler shall be operating in a stable manner be-
fore the reburn start-up sequence is initiated.

6.6.5.2.2 Normal Operation.

6.6.5.2.2.1* The firing rate shall be regulated by increasing or
decreasing the fuel and air supply simultaneously to all oper-
ating burners, maintaining the air-fuel ratio within predeter-
mined operating limits continuously at all firing rates.

(A) This requirement shall not eliminate the requirements
for air lead and lag during changes in the fuel firing rate.

(B) This requirement shall not apply to systems provided
with metering of air and fuel to each burner and designed
specifically for individual burner modulating control.

6.6.5.2.2.2 The reburn injection rate shall be regulated
within the design limits of the reburn equipment.

(A) Air flow lead and lag shall be used during changes in the
reburn fuel injection rate.

(B) Reburn safety shutoff valves shall be fully open or com-
pletely closed. Intermediate settings shall not be used.

6.6.5.2.2.3 The firing rate shall not be regulated by varying
the fuel to individual burners by means of the individual
burner safety shutoff valve (s).

(A) The individual burner safety shutoff valve (s) shall be fully
open or completely closed.

(B) Intermediate settings shall not be used.

6.6.5.2.2.4 Air registers shall be set at the firing positions as
determined by tests except in systems provided with metering
of air and fuel to each burner and designed specifically for
individual burner modulating control.

6.6.5.2.2.5 The burner fuel and airflow shall be maintained
within a range between the maximum and minimum limits as

determined by trial or, if trial results do not exist, as specified
by the combustion equipment manufacturer(s).

(A) These trials shall test for minimum and maximum limits
and stable flame under each of the following conditions:

(1) With all gas burners in service and combustion controls
on automatic

(2) With different combinations of gas burners in service and
combustion controls on automatic

(3) With different combinations of gas, oil, and coal burners
in service and combustion controls on automatic

(4) With minimum and maximum reburn flow rates

(5) With each reburn fuel injection pattern

(6) With overfire air operating at its minimum and maximum
limits

(B) Where changes occur to any of the minimum and maxi-

mum limits because of equipment modifications, operating

practices, or fuel conditions, retesting shall be required.

6.6.5.2.2.6 Loss of Individual Burner Flame.

(A) On loss of an individual burner flame, that individual
burner’s safety shutoff valve shall be automatically closed, and
the vent shall be opened immediately.

(B) The burner register shall be closed if it interferes with the
air-fuel ratio supplied to any other individual burner flame.

6.6.5.2.2.7 Total airflow shall not be reduced below the purge
rate.

6.6.5.2.3 Normal Shutdown. The requirements in 6.6.5.2.3
shall apply to the removal of gas from service as the only main
burner fuel being fired, and the requirements in 6.6.5.2.7
shall apply to the removal of gas from service with other fuel
remaining in service.

(A) When the unit is being taken out of service, the boiler
load shall be reduced to that necessitating a purge rate airflow,
while operation is maintained within the tested limits deter-
mined in 6.6.5.2.2.5.

(B) Prior to removing gas from service and prior to loss of
reburn permissives, reburn fuel shall be shut down as defined
in 6.6.5.2.9, 6.7.5.10, or 6.8.5.2.9.

(C) The metering combustion control shall be taken out of
service, and the start-up fuel supply pressure, register settings,
and airflows shall be established in accordance with written
start-up procedures.

(D) Where designed for start-up and shutdown procedures,
the metering combustion control shall not be required to be
taken out of service.

(E) As the fuel is reduced, a sequential shutdown of the burn-
ers shall be accomplished by closing the individual burner
safety shutoff valves, opening the associated vent valves, and
placing registers in the position prescribed by the established
operating procedure(s).

(F) When the last individual burner safety shutoff valves are
closed, the main safety shutoff valve shall be closed.

(G) All atmospheric vent valves shall be opened to minimize
the possibility of gas leaking into the boiler enclosure.

(H) When all burners, igniters, and the reburn system have
been removed from service, the purge rate airflow shall be
verified and a unit purge shall be performed.
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(I) After completion of the unit purge, closing the burner air
registers and shutting down the forced draft fans and induced
draft fans shall be permitted to be optional; however, main-
taining airflow through the unit to prevent accumulation of
combustible gases is a prudent procedural step due to the po-
tential of fuel leak-by.

(J) Leakage of main or igniter fuel into the furnace or wind-
box shall be prevented.

6.6.5.2.4 Normal Hot Restart.

6.6.5.2.4.1 When restarting a hot unit, the requirements of
6.6.5.2.1.1(6) through 6.6.5.2.1.1(13) for a cold start shall be

met.

6.6.5.2.4.2 The starting sequence in 6.6.5.2.1.3 shall be fol-
lowed.

6.6.5.2.5 Emergency Shutdown — Master Fuel Trip.

6.6.5.2.5.1 An emergency shutdown shall initiate a master
fuel trip.

6.6.5.2.5.2 Mandatory Automatic Master Fuel Trips.

(A) Interlocks shall be installed in accordance with 6.4.2 and
6.5.4.

(B) A master fuel trip shall result from any of the following
conditions:

(1) Fuel pressure at the burner below the minimum estab-
lished by the manufacturer or by trial and no other fuel
proven in service. Where fuel pressure at the burner is not
measurable, a low gas pressure trip shall be provided up-
stream of the control valve. If another fuel is proven in
service, this shall cause a gas fuel trip, but not a master
fuel trip.

(2) Total airflow decrease below the purge rate by 5 percent
design full load airflow.

(3) Loss of either all induced draft fans or all forced draft
fans.

(4) Loss of all flame.

(5) Partial loss of flame predetermined to be likely to intro-
duce a hazardous accumulation of unburned fuel in ac-
cordance with Table 6.4.2.3.1(a), block 8.

(6) Furnace pressure in excess of the prescribed operating
pressure by a value specified by the manufacturer.

(7) All fuel inputs shut off in accordance with Table
6.4.2.3.1(a), block 9

(8) High fuel gas pressure and no other fuel proven in ser-
vice. If another fuel is proven in service, this shall cause a
gas fuel trip, but not a master fuel trip.

6.6.5.2.5.3 Mandatory Master Fuel Trips with Alarms — Not
Necessarily Automatically Initiated. A master fuel trip shall re-
sult from any of the following conditions:

(1) Loss of energy supply for boiler control, burner manage-
ment, or interlock systems

(2) Furnace negative pressure in excess of the value specified
by the manufacturer [See 6.4.2.3.6(E).]

6.6.5.2.5.4 A master fuel trip that results from any of the
emergency conditions tabulated in 6.6.5.2.5.2 and 6.6.5.2.5.3
shall stop all fuel flow to the furnace from all burners and the
reburn system by tripping the main and individual burner
safety shutoff valves and the main and individual reburn safety
shutoff valves.

(A) All vent valves shall be opened.
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(B) The igniter safety shutoff valve and individual igniter
safety shutoff valves shall be tripped, and the igniter sparks
shall be de-energized.

(C) If a furnace inerting system is installed, the inerting sys-
tem shall be operated simultaneously with the master fuel trip.

(D) Master fuel trips shall operate to stop all fuel flow into the
furnace within a period of time that does not allow a danger-
ous accumulation of fuel in the furnace.

(E) A master fuel trip shall not initiate a forced draft fan or
induced draft fan trip.

(F) Electrostatic precipitators, fired reheaters, or other igni-
tion sources shall be tripped.

6.6.5.2.5.5* Purging after an Emergency Shutdown with Draft
Fans in Service.

(A) Fans that are operating after the master fuel trip shall be
continued in service.

(B) The airflow shall not be increased by deliberate manual
or automatic control action.

(C) If the airflow is greater than the purge rate, it shall be
permitted to be decreased gradually to the purge rate for a
unit purge.

(D) If the airflow is less than the purge rate at the time of the
trip, it shall be continued at the existing rate for 5 minutes and
then increased gradually to the purge rate airflow and held at
that value for a unit purge.

(E) During a master fuel trip event, the overfire air system
shall remain at the same setting as when the event occurred
for such time as the main combustion airflow is held.

(F) Following the hold period, the overfire air shall be per-
mitted to be gradually adjusted to overfire air purge settings or
cooling flows either manually or automatically.

6.6.5.2.5.6 Purging After an Emergency Shutdown with Loss
of Draft Fans.

(A) If the emergency trip was caused by loss of draft fans or if
draft fans also have tripped, all dampers in the air and flue gas
passages of the unit shall be opened slowly to the fully open
position to create as much natural draft as possible to ventilate
the unit.

(B) Opening fan dampers shall be timed or controlled to
ensure that positive or negative furnace pressure transients
beyond design limits do not occur during fan coastdown.

(C) This condition shall be maintained for at least 15 minutes.

(D) At the end of this period, the fan(s) shall be started in
accordance with Section 6.5.

(E) The airflow shall be increased gradually to the purge rate,
and a unit purge shall be completed.

6.6.5.2.5.7 Action following the purge after an emergency
shutdown shall be in accordance with either of the following
(see 6.6.5.2.5.5 and 6.6.5.2.5.6):

(1) The wunit shall be shut down in accordance with
6.6.5.2.3(I).

(2) If a unit purge was successfully completed following an
emergency shutdown and the conditions of 6.6.5.2.1.1(6)
through 6.6.5.2.1.1(13) and 6.6.5.2.1.3(B) (3) are satis-
fied, a relight in accordance with 6.6.5.2.1.3(B)(5)
through 6.6.5.2.1.3(B) (19) shall be permitted.
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6.6.5.2.6 Starting Sequence — Second Fuel.

6.6.5.2.6.1 When starting gas as a second fuel, the require-
ments of 6.6.5.2.1.1(8) through 6.6.5.2.1.1(13) shall have
been satisfied, and the total heat input shall be limited as de-
scribed in 6.6.5.4.10.

6.6.5.2.6.2 The starting sequence of the first fuel (oil or coal)
shall be completed, and the starting sequence of second fuel
(gas) shall be performed in the following order:

(1) The main gas control valve shall be closed and the main
safety shutoff valve(s) shall be opened, but only after
6.6.5.4.8 leak test requirements have been met.

(2) The starting sequence in 6.6.5.2.1.3(B)(6) through
6.6.5.2.1.3(B) (10) shall be followed.

(3) After making certain that the igniter(s) is established and
is providing the predetermined, required level of ignition
energy for the main burner(s), the individual burner
safety shutoff valve(s) shall be opened and the individual
burner atmospheric vent valves shall be closed. Failure to
ignite or loss of ignition for any reason on any burner(s)
shall cause fuel flow to that burner(s) to stop. All condi-
tions required by the established light-off procedure shall
exist before restarting the burner(s).

(4) The starting sequence in 6.6.5.2.1.3(B)(11) through
6.6.5.2.1.3(B) (17) shall be followed.

Exception:  An exception to 6.6.5.2.6.2(4) is that for sequence
6.6.5.2.1.3(B)(11), where gas is the second fuel to be placed in service,
a gas fuel trip, but not necessarily a master fuel trip, shall be initiated
when the flame delection system(s) indicates that ignition has not been
obtained within 5 seconds of the time the fuel gas actually begins to
enter the furnace. A master fuel trip shall not be required.

6.6.5.2.7 Shutdown Sequence — Second Fuel. The require-
ments in 6.6.5.2.7 shall apply to the removal of gas from ser-
vice with other main burner fuel remaining in service, and the
requirements in 6.6.5.2.3 shall apply to the removal of gas
from service as the only main burner fuel being fired.

6.6.5.2.7.1 When shutting off gas with oil or coal remaining
in service, a sequential shutdown of the gas burners shall be
accomplished by closing the individual burner safety shutoff
valves and opening the vent valves.

6.6.5.2.7.2 The remaining burners shall be shut down se-
quentially as previously described, leaving the registers in the
position prescribed by the established operating procedure.

6.6.5.2.7.3 When the last individual burner safety shutoff
valves are closed, the main safety shutoff valve shall be closed.

6.6.5.2.7.4 All atmospheric vent valves shall be opened to mini-
mize the possibility of gas leaking into the boiler enclosure.

6.6.5.2.8 Reburn System Start.

6.6.5.2.8.1 The reburn system shall not be started until the
requirements of 6.6.3.4.2 have been met and shall follow the
prerequisites of 6.6.5.2.1.3(B) (23).

6.6.5.2.8.2* In addition to the requirements of 6.6.5.2.8.1, the
furnace temperature characteristics as a function of heat in-
put, steam flow, or other reliable control signal shall be uti-
lized as a permissive to initiate the reburn fuel injection.

6.6.5.2.8.3 If the reburn system admits reburn fuel through
burners, the starting sequence shall also follow that specified
for burners in 6.6.5.2.1.3(B) (6) through 6.6.5.2.1.3(B) (14).

6.6.5.2.8.4 If the reburn system admits reburn fuel by means
other than through burners, the starting sequence shall incor-
porate the following:

(1) Include all reburn operation permissives required by this
chapter.

(2) Follow the procedure specified by the manufacturer of
the reburn system.

6.6.5.2.9 Shutdown Sequence — Reburn Fuel.

6.6.5.2.9.1 If the reburn system admits reburn fuel through
burners, the shutdown sequence shall follow that specified for
burners in 6.6.5.2.3.

6.6.5.2.9.2 If the reburn system admits reburn fuel by means
other than through burners, the shutdown sequence shall be
as follows:

(1) Reduce the reburn fuel flow to minimum.

(2) Close individual reburn shutoff valves.

(3) Close the main reburn safety shutoff valve (s).

(4) Open the reburn header atmospheric vent valves.

6.6.5.2.10 Duct Burner Purge and Light-Off.

6.6.5.2.10.1 The duct burner shall be purged as part of the
unit purge prior to initiating any firing in the unit and after a
master fuel trip.

Exception: Duct burners in primary air systems shall be purged prior
to the duct burner being put into service.

6.6.5.2.10.2 A duct burner trip shall require a purge of the
duct burners using air or flue gas for a minimum of 5 minutes
prior to any attempt to relight the duct burner.

6.6.5.2.10.3 A duct burner failure to ignite shall require a
purge of the duct burners using air or flue gas for a minimum
of 1 minute prior to any attempt to relight the duct burner.

6.6.5.2.10.4 When augmented air is provided, the aug-
mented air plenum and ductwork shall be purged using the
augmented air system as part of the duct burner purge.

6.6.5.2.11 Duct Burner Starting Sequence.

6.6.5.2.11.1 All duct burner and duct burner igniter safety
shutoff valves shall be proven closed.

6.6.5.2.11.2 Airflow or flue gas flow through the duct burner
shall be established.

6.6.5.2.11.3 The duct burner fuel header shall be pressurized
up to the individual duct burner safety shutoff valves in accor-
dance with established operating procedures.

6.6.5.2.11.4 The individual duct burner igniter systems shall
be placed in service.

6.6.5.2.11.5 The duct burner fuel control valve shall be set to
the burner light-off position.

6.6.5.2.11.6 With its igniter in service, the individual duct
burner safety shutoff valves shall be opened.

(A) Class 3 igniters shall be shut down at the end of the trial
for ignition period.

(B) If no main duct burner flame is proven within 5 seconds
after the main fuel reaches the duct burner, the duct burner
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fuel trip shall be initiated as well as closing the individual duct
burner safety shutoff valves closed. The following shall apply:

(1) The cause of failure to ignite shall be determined and
corrected.

(2) A purge of the duct burner for a minimum of 5 minutes
with either air or flue gas shall be completed prior to at-
tempting to start any other fuel equipment on the unit.

6.6.5.2.11.7 The associated igniter for a duct burner shall be
used to light the burner.

6.6.5.2.11.8 Succeeding duct burners shall be placed in ser-
vice in accordance with 6.6.5.2.11.4 through 6.6.5.2.11.7.

6.6.5.2.12 Duct Burner Normal Operation.

6.6.5.2.12.1 Duct burner firing rate shall be regulated by
varying the fuel to the duct burners by means of fuel flow
control valve(s) or staged firing.

6.6.5.2.12.2 Individual burner safety shutoff valves shall be
fully open or fully closed and shall not be placed in intermedi-
ate positions to regulate duct burner firing rate.

6.6.5.2.12.3 Duct burner firing rate shall be maintained be-
tween the maximum and minimum stable flame limits as es-
tablished by test.

6.6.5.2.13 Duct Burner Shutdown.

6.6.5.2.13.1 Duct burners shall be removed from service by
sequentially closing individual duct burner safety shutoff
valves.

6.6.5.2.13.2 Closing the individual duct burner safety shutoff
valves on the last duct burner in service shall cause a duct
burner fuel trip.

6.6.5.2.14 Duct Burner Emergency Shutdown. A duct burner
fuel trip as identified in 6.4.2.3.12.1 shall close all duct burner
safety shutoff valves.

6.6.5.3 Emergency Conditions Not Requiring Shutdown or
Trip.

6.6.5.3.1 In the event of a loss of a fan or fans, for units with
multiple induced draft fans, forced draft fans, or both, the
control system shall be capable of reducing the fuel flow to
match the remaining airflow; otherwise, tripping of the unit
shall be mandatory.

6.6.5.3.2% If an air deficiency develops while flame is main-
tained at the burners, the fuel shall be reduced until the air-
fuel ratio has been restored to within predetermined accept-
able limits; if fuel flow cannot be reduced, the airflow shall be
increased slowly until the air-fuel ratio has been restored to
within those limits.

6.6.5.4 General Operating Requirements — All Conditions.

6.6.5.4.1 Prior to starting a unit, action shall be taken to pre-
vent fuel from entering the furnace.

6.6.5.4.2 A unit purge shall be completed prior to starting a
fire in the furnace.

6.6.5.4.3 The purge rate shall be not less than 25 percent of
the design full load mass airflow.

6.6.5.4.4 The igniter for the burner shall always be used.

6.6.5.4.5 Burners shall not be lighted using a previously
lighted burner or from hot refractory.
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6.6.5.4.6 Where operating at low capacity, the burner fuel
pressure shall be maintained above minimum by reducing the
number of burners in service as necessary.

6.6.5.4.7 Sootblowers.

(A) Sootblowers shall be operated only where heat input to
the furnace is at a rate high enough to prevent a flameout
during the sootblower operation.

(B) Sootblowers shall not be operated at low-load and high
excess air conditions.

(C) The use of wall sootblowers and high-temperature super-
heater and reheater sootblowers shall be permitted for clean-
ing during periods of unit outage if a unit purge has been
completed and purge rate airflow is maintained.

(D) The use of air heater sootblowers during start-up shall be
permitted

6.6.5.4.8* Leak Test.

(A) An operational leak test of the fuel header piping system
shall be performed in accordance with established procedures
while maintaining, at a minimum, purge rate airflow.

(B)* Successful completion of the leak test shall be done be-
fore the main gas supply header is placed into operation.

6.6.5.4.9 Before maintenance is performed on the gas
header, the header shall be purged in accordance with the
requirements of 6.6.2(7).

6.6.5.4.10 Total Heat Input.

(A) The total heat input within a burner or furnace zone, or
both, shall not exceed the maximum limits specified for the
equipment by the manufacturer.

(B) The total heat inputs of multiple fuels shall be accounted
for where a burner or furnace zone, or both, simultaneously
fires more than one fuel.

6.6.6* Boiler Front Control (Supervised Manual). Supervised
manual operation shall not apply to new construction.

6.6.7 Two-Burner Systems — Single Fuel Flow Control.
6.6.7.1 Fundamental Principles.

6.6.7.1.1* Two-burner boilers that are served by a single fuel
flow control valve and a single airflow control damper and
provided with fuel safety shutoff valves for each burner shall
meet the special design and operating requirements of this
section.

6.6.7.1.2 This section shall not apply to two-burner boilers
with separate air-fuel ratio controls that consist of a fuel flow
control valve and an airflow control damper for each burner
and that provide independent burner operation.

6.6.7.1.3 This section shall not apply to two burners that are
lighted off, operated, and shut down in unison as a single
burner, with common fuel and airflow controls and fuel safety
shutoff valves. Such systems shall be in accordance with Chap-
ter 5, 6.6.5.2.1.3(B) (18), and 6.6.5.2.1.3(B) (19).

6.6.7.2 System Requirements.

6.6.7.2.1 The control system design options of 6.6.7.2.1.1 and
6.6.7.2.1.2 shall be provided to maintain the air-fuel ratio
within manufacturer’s suggested limits on one burner in the
event of an automatic trip of the other burner.
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6.6.7.2.1.1 Aflame failure signal at one of the two burners shall
initiate one of the following immediately and automatically:

(1) A master fuel trip.

(2)*A trip of the individual fuel safety shutoff valve(s) for the
failed burner and a reduction of total boiler fuel flow by
50 percent of the flow prior to trip without reducing total
boiler airflow or individual burner airflow. This action
shall be accomplished by correcting the burner header
fuel pressure to the value at which it had been operating
prior to the trip of the first burner.

(3) A trip of the individual fuel safety shutoff valve(s) for the
failed burner and simultaneous shutoff of the air supply
to that burner. The fuel input to the operating burner
shall not exceed the established maximum firing rate or
the manufacturer’s suggested air-fuel ratio limits of the
burner.

6.6.7.2.1.2 The automatic recycling mode of operation shall
be prohibited.

6.6.7.2.2 Burner Light-Off Procedures. The following operat-
ing procedures shall be followed to prevent air-fuel ratio up-
sets during burner light-off:

(1) Prior to light-off of the first burner, the furnace shall be
purged with airflow through both burner registers at
purge rate.

(2) When lighting the first burner, the registers in the second
burner shall be left open to the purge position.

(3) The operator shall observe main flame stability while
making any register or burner damper adjustments.

(4) During and after the light-off of the second burner, the
operator shall observe the flame stability on the first
burner.

(5) If a boiler is operating on one burner with the air supply
closed off to the other burner and it becomes necessary to
light the second burner, established operating proce-
dures shall be used to prevent creating a hazardous air-
fuel ratio at the first operating burner. The following gen-
eral procedures shall be followed to prevent air starvation
of the operating burner when air is introduced to the idle
burner in preparation for its light-off:

(a) Before admitting any air to the idle burner, the excess
air on the operating burner shall be increased either by
increasing airflow while holding fuel flow constant or by
reducing fuel flow while holding airflow constant.

(b) The register or damper at the idle burner shall be
opened slowly while continuously observing the ef-
fect on the operating burner and making any adjust-
ments to fuel flow or total boiler airflow necessary to
maintain stable flame.

(c) After lighting the second burner, flame stability shall
be confirmed at both burners before transferring the
control to the combustion control system.

(6) Where the two burners are not equipped with individual
burner air registers or dampers, 6.6.7.2.2(5) shall not ap-
ply. Total boiler airflow shall be maintained so that the
operating burner’s air-fuel ratio stays within the manufac-
turer’s suggested limits.

6.6.7.3 Fuel Transfer Procedure.

6.6.7.3.1 An operating procedure, either manual or auto-
matic, that prevents a hazardous air-fuel ratio at either burner
when a fuel transfer is made shall be followed.

6.6.7.3.2 The following procedure shall be followed:

(1) Total fuel flow and airflow shall be reduced to within the
design capacity of one burner.

(2) Both fuel and air to the burner on which fuels are to be
transferred shall be shut off simultaneously.

(3) The burner shall be restarted on the new fuel in accor-
dance with the procedures in 6.6.7.2.2(5).

6.7 Fuel Oil Systems.

6.7.1* General. The requirements of Section 6.7 shall apply to
installations where fuel oil is supplied.

6.7.2* Oil Firing — Special Problems. In addition to the com-
mon hazards involved in the combustion of solid, liquid, and
gaseous fuels, the following special hazards related to the
physical characteristics of oil shall be addressed in the design
of the firing systems:

(1) Piping systems shall be designed to prevent leakage.

(2) Limits to maintain atomization shall be in accordance
with design parameters.

(3) Fuel oil piping systems shall be designed to prevent wa-
ter or sludge from plugging strainers or burner tips.
(4)*Combustion airflow shall follow changes in calorific con-

tent of fuel.

(5) On installations designed to fire both heated and un-
heated fuel oils, the burner control system shall be de-
signed to ensure that interlocks are activated for the se-
lected fuel oil. The fuel oil piping supply to the burner as
well as the oil-recirculating piping to the fuel storage
tanks shall be provided with interlocks, depending on
the arrangement of the equipment provided.

(6) Oil guns shall not be inserted without a tip or sprayer
plate and new gasket.

(7) Pumping and atomization of fuel oils are dependent on
control of viscosity. Changes in viscosity in relation to
temperature vary for different oils and blends of oils.
Viscosity control systems shall be designed for each fuel
where the source or properties are variable.

(8)*Because clear distillate fuels have low conductivities and
generate static electrical charges in the fuel stream, flow-
ing velocities shall be limited.

(9)*Piping systems shall prevent flow transients caused by
operation of system valves.

(10)*Operation of air heater sootblowers shall be in accordance
with the requirements of the air heater manufacturer.

6.7.3 System Requirements.

6.7.3.1* Fuel Supply Subsystem — Fuel Oil. The requirements
in this subsection shall apply to fuel oil supply piping, and all
installed piping arrangements shall meet the functional re-
quirements of this code.

6.7.3.1.1 Fuel Flow.

(A) The fuel supply equipment shall be sized to satisfy the
design requirements and arranged to ensure a continuous,
steady fuel flow over all operating requirements of the unit.

(B) This design shall include coordination of the main fuel
control valve, burner safety shutoff valves, and associated pip-
ing volume to ensure against fuel pressure transients that ex-
ceed burner limits for stable flame as a result of placing burn-
ers in service or taking them out of service.
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6.7.3.1.2 Unloading, storage, pumping, heating, and piping
facilities shall be designed and arranged to inhibit contamina-
tion of the fuel.

(A) Where necessary, cleaning devices shall be provided to
ensure a clean fuel to valves and burners.

(B) Convenient access to important fuel system components
and drains shall be provided.

6.7.3.1.3* Fill and recirculation lines to storage tanks shall dis-
charge below the liquid level.

6.7.3.1.4* Strainers, filters, traps, sumps, and other such items
shall be provided to remove harmful contaminants; compen-
sation for those materials not removed shall be provided by
special operating and maintenance procedures.

6.7.3.1.5* The fuel supply equipment shall be designed based
on the operating environment and ambient conditions.

6.7.3.1.6 The piping shall be designed to be resistant to se-
vere external conditions such as fire or mechanical damage.

6.7.3.1.7 A manual emergency shutoff valve that is accessible
in the event of fire in the boiler area shall be provided.

6.7.3.1.8* Means shall be provided to prevent or relieve excess
pressure from expansion of entrapped oil in the fuel system.

6.7.3.1.9* Relief valve discharge passages, vents, and telltales
shall be provided with suitable piping to allow safe discharge
of oil, vapors, or toxic fumes.

6.7.3.1.10* All instrument and control piping and other small
lines containing oil shall be rugged, capable of withstanding
the expected range of external temperatures, suitably pro-
tected against damage, and maintained at the temperature
specified in established operating procedures.

6.7.3.1.11 Positive means to prevent leakage of oil into an
idle furnace shall be provided.

6.7.3.1.12 Provisions shall be made in the oil supply system to
allow testing for leakage and subsequent repair that includes a
permanent means for making accurate tightness tests of the
main safety shutoff valves and individual burner safety shutoff
valves.

6.7.3.1.13 Fuel oil shall be delivered to the burners at the
temperature and pressure recommended by the burner
manufacturer to ensure that the oil is at the viscosity necessary
for atomization.

6.7.3.1.14 If heating of oil is necessary, it shall be accom-
plished without contamination or coking.

6.7.3.1.15 Recirculation.

(A) Recirculation provisions shall be incorporated for con-
trolling the viscosity of the oil to the burners for initial light-off
and for subsequent operation.

(B) These systems shall be designed and operated to prevent
excessively hot oil from entering fuel oil pumps, which could
cause them to vapor-bind, with subsequent interruption to the
fuel oil supply.

6.7.3.1.16 Positive means shall be provided to prevent fuel oil
from entering the burner header system through recirculat-
ing valves, particularly from the fuel supply system of another
boiler.
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(A) These means shall utilize the requirements of Table
6.4.2.3.1(a), blocks 3 through 12.

(B) Check valves have not proven dependable in heavy oil
service and shall not be used for this function.

6.7.3.1.17 Provisions shall be included for clearing (scaveng-
ing) the passages of an atomizer that leads into the furnace,
which shall be performed in accordance with the require-
ments of 6.7.5.4(E), 6.7.5.4(F), 6.7.5.6.7, and 6.7.5.12.7.

6.7.3.2 Main Burner Subsystem.
6.7.3.2.1* Stable Flame Limits.

(A) The main burner subsystem shall be designed so that the
burner inputs are supplied to the furnace continuously and
within their stable flame limits.

(B) Class 1 or Class 2 igniters, as demonstrated by tests as
specified in 6.7.3.2.2 and 6.7.3.2.3, shall be permitted to be
used to maintain stable flame at the lower operating limits of
the main fuel subsystem in any given furnace design.

6.7.3.2.2 Tests for Stable Flame Limits. The limits of stable
flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition sub-
system in service.

(A)* These tests shall verify that transients generated in the
fuel and air subsystems do not affect the burners adversely
during operation.

(B) These tests shall include the expected range of fuels to be
fired in the unit.

(C) These tests shall be repeated after any combustion pro-
cess modification, such as the addition of overfire air, low NO,.
burners, and reburning, and after switching to any fuel not
previously tested.

6.7.3.2.3 Additional Tests.

(A) Where Class 1 and Class 2 igniters are used, the tests de-
scribed in 4.6.2.3.2.4 and 6.7.3.2.2 shall be performed with the
ignition subsystem in service to verify that the igniters furnished
meet the requirements of the class specified in the design.

(B) The resulting extended turndown range shall be permit-
ted when Class 1 igniters are in service and flames are proved.

6.7.3.2.4 Provisions shall be made for visual observation of
conditions at the burner ignition zone and for flame detection
equipment.

6.7.3.2.5 Provisions shall be made for cleaning of the burner
nozzle and tip.

6.7.3.2.6* Maintenance.

(A) The burner equipment shall be in a location that allows
access for maintenance.

(B) The requirements of housekeeping in 4.4.1.2(8) shall be
followed.

6.7.3.2.7 All burner safety shutoff valves shall be located close to
the burner to minimize the volume of oil that is left downstream
of the burner valves in the burner lines or that flows by gravity
into the furnace on an emergency trip or burner shutdown.
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6.7.3.3 Atomizing Subsystem.

6.7.3.3.1 Where the fuel is to be atomized with the assistance of
another medium, the atomizing medium shall be supplied free
of contaminants that could cause an interruption of service.

6.7.3.3.2 For steam atomizing, insulation and traps shall be
included to ensure dry atomizing steam to the burners.

6.7.3.3.3 The atomizing medium shall be provided and main-
tained at the specified pressure necessary for operation.

6.7.3.3.4 Provisions shall be made to ensure that fuel does not
enter the atomizing medium line during or after operation.

6.7.3.3.5 The atomizing subsystem shall be designed for con-
venient cleaning and maintenance.

6.7.3.4 Flue Gas Recirculation to Burners.

(A) When flue gas or other inert gases are introduced to the
secondary air or combustion air being supplied to burners,
testing shall be used to demonstrate that the methods and
devices used provide uniform distribution and mixing.

(B) The oxygen content of the mixture being supplied to the
burners shall not be permitted to go below the limit specified
by the burner manufacturer or as proven by tests to provide
stable combustion.

(C) Means shall be provided to monitor either the ratio of
flue gas to air or the oxygen content of the mixture.

6.7.3.5 Reburn Fuel Supply Subsystem — Fuel Oil.

6.7.3.5.1 Positive means to prevent leakage of oil into an idle
furnace shall be provided that shall include a double block
valve arrangement on the reburn fuel oil supply, separate
from any other double block valve arrangements for other
systems, that is, igniters or main burners.

6.7.3.5.2 Temperature Test.

6.7.3.5.2.1 Furnace temperature at the location of the re-
burn fuel injection shall be at least 167°C (300°F) above the
autoignition temperature of the reburn fuel and shall be veri-
fied by test.

6.7.3.5.2.2 The tests shall be performed for a variety of boiler
loads, burner firing configurations, furnace cleanliness condi-
tions, and excess air levels to determine the conditions under
which reburn operation shall be permitted.

6.7.3.5.3* Fuel reburn systems shall include either tempera-
ture monitoring or reburn flame sensors.

6.7.3.5.4 Fuel reburn systems shall utilize a flue gas combus-
tibles analyzer to detect combustibles.

6.7.4 Flame Monitoring and Tripping System.

6.7.4.1 Each burner shall be supervised individually, and
upon detection of loss of a burner flame, that individual
burner safety shutoff valve shall be automatically closed.

6.7.4.1.1 Class 1 Igniter.

(A) Where Class 1 igniters are provided, the main burner
flame shall be proven either by the flame detector or by the
igniter being proven.

(B) At least one flame detector shall be provided for each
burner to detect the burner flame or igniter flame where a
Class 1 igniter is provided.

6.7.4.1.2 Class 2 Igniter. Burners with Class 2 igniters shall
have at least two flame detectors.

(A) One detector shall be positioned to detect the main
burner flame and shall not detect the igniter flame.

(B) The second detector shall be positioned to detect the
igniter flame during prescribed light-off conditions.

6.7.4.1.3 Class 3 Igniter. Burners with Class 3 igniters shall
have at least one flame detector.

(A) The detector shall be positioned to detect the igniter
flame.

(B) Italso shall detect the main burner flame after the igniter
is removed from service at the completion of the main burner
trial for ignition.

6.7.4.2 Upon detection of loss of all flame in the furnace or
partial loss of flame to the extent that hazardous conditions
develop as defined in Table 6.4.2.3.1(a), block 8, a master fuel
trip shall be automatically initiated.

6.7.4.3 Regardless of the number or pattern of flame loss
indications used for tripping, loss of flame indication on an
operating burner or “flame envelope” shall initiate an alarm
that warns the operator of a potential hazard.

6.7.4.4* Flame Tripping Validation.

(A) The flame tripping concept used on the unit shall have
been validated by the boiler manufacturer for the specific fur-
nace configuration being used.

(B) This validation shall not be used to replace unit acceptance
tests relating to proof of design, function, and components.

6.7.4.5 Reburn System.

(A) The reburn system shall be shut down in accordance with
the reburn system manufacturer’s requirements if the tem-
perature falls below the limit specified in 6.7.3.5.2.

(B) The reburn system shall be tripped if the temperature
drops to 56°C (100°F) below the limit specified in 6.7.3.5.2.

(C) Loss of flame shall trip the operation of the reburn sys-
tem, or portions of the reburn system, in accordance with the
reburn system manufacturer’s requirements.

6.7.5 Sequences of Operations.
6.7.5.1 General.

6.7.5.1.1 Sequencing shall be required to ensure that operat-
ing events occur in the order established by proven operating
procedures.

6.7.5.1.2 Sequencing shall follow procedures that allow fuel
that falls within design specifications to be admitted to the
burners only when there is ignition energy and airflow within
design minimum requirements needed to ignite the fuel as it
enters the furnace.

6.7.5.1.3 Sequencing also shall be utilized when burners are
removed from operation.
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6.7.5.1.4* The sequences of operation in 6.7.5 shall be fol-
lowed whether the unit is operated manually or certain func-
tions are accomplished by interlocks or automatic controls.

6.7.5.1.5 The starting and shutdown sequences outlined in
6.7.5 shall be followed to ensure an airrich furnace atmo-
sphere during startup and establish minimum velocities
through the furnace to prevent hazardous accumulations of
unburned fuel.

(A) They shall provide the required practice of maintaining a
continuous airflow through the unit at the rate that is used
during the purge operation.

(B) The rate that is used during the purge operation shall be
maintained throughout the start-up and initial load-carrying
period of operation until such time as more fuel and air are
needed, which means that the same number of burner regis-
ters or burner dampers needed for purging the boiler shall be
left open throughout the starting sequence.

6.7.5.1.6 Burner Operation.

(A) Burners shall not be placed in service or removed in a ran-
dom pattern but in a sequence defined by operating instructions
and verified by actual experience with the unit, to minimize lan-
ing or stratification of fuel or combustion products.

(B) Burners shall be placed in service as necessary, with fuel
flows and individual register or damper settings positioned for
light-off according to an established operating procedure.

(C) The fuel pressure at the burner header shall be permit-
ted to be used as a guide in maintaining the necessary fuel flow
for each burner and shall be maintained automatically within
prescribed limits as additional burners are placed in service.

(D) The total number of burners placed in service shall be
that number necessary to accomplish the following:

(1) Raise the boiler pressure and temperature
(2) Carry the initial load on the unit

(E) If some registers have been maintained in the closed po-
sition, these registers shall not be opened without either re-
adjusting the total airflow to maintain the same burner airflow or
closing an equal number of registers on idle burners to obtain
the same effect.

(F) The total furnace air throughput shall not be reduced
below the purge flow rate.

6.7.5.1.7 The open register light-off and purge procedure
shall be used to maintain airflow at or above the purge rate
during all operations of the boiler.

(A) The open register—purge procedure shall include the
following:

(1) Use of a minimum number of required equipment ma-
nipulations, thereby minimizing exposure to operating
errors or equipment malfunction

(2) Creation of a fuelrich condition at individual burners
during their light-off

(3) Creation of an air-rich furnace atmosphere during light-
off and warm-up by maintaining total furnace airflow at
the same rate as that needed for the unit purge
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(B) This procedure shall incorporate the following:

(1) All the registers necessary to establish airflow at or above
purge rate and uniform flow distribution throughout the
furnace placed in a predetermined open position

(2) Overfire air port dampers placed in a predetermined po-
sition and providing a purge of the overfire air system

(3) A unit purge completed with the burner air registers and
overfire air ports in the position specified in 6.7.5.1.7(B) (1)
and 6.7.5.1.7(B) (2)

(4) Prior to being placed into service, components (e.g., pre-
cipitators, fired reheaters) containing sources of ignition
energy purged for either (a) a period of not less than
5 minutes or (b) five volume changes of that component,
whichever is longer

(5) Common component(s) between the furnace outlet and
the stack shared with other operating boilers bypassed for
unit purge

(6) The first burner or group of burners lighted without any
change in the airflow setting, overfire air control damper
position, or burner air register position [except as permit-
ted in 6.7.5.2.3.2(I) ]

(C) Each boiler shall be tested during initial start-up to deter-
mine whether any modifications to the procedure specified in
6.7.5.1.7 are required to establish ignition or to satisfy other
design limitations during light-off and warm-up.

(D) For boilers that are purged with the registers in their
normal operating position, it shall be allowed to momentarily
close the registers of the burner being lighted, if proven nec-
essary to establish ignition.

(E) Modifications in the basic procedure shall be allowed only if
they have been proven to be necessary to obtain light-off.

(F) However, 6.7.5.1.7(A)(1) shall always be followed,
thereby satisfying the basic objectives in 6.7.5.1.7(B).

6.7.5.1.8 Modification to the mode of operation due to water,
steam, and flue gas temperatures being outside the estab-
lished limits in the economizers and superheaters shall be
made only after it has been determined to be necessary by
operating experience.

6.7.5.2 Functional Requirements: Cold Start. This subsection
shall cover the requirements for placing oil in service as the
initial fuel being fired. Subsection 6.7.5.7 shall cover the re-
quirements for placing oil in service as a subsequent fuel.

6.7.5.2.1 Preparation for starting shall include a thorough
inspection that shall verify the following:

(1) The furnace and gas passages are free of foreign mate-
rial and not in need of repair.

(2)*The bottom of the furnace, including the ash hopper, is
free of accumulations of liquid fuel, gases, or vapors
prior to each start-up.

(3) All personnel are evacuated from the unit, and associ-
ated equipment and all access and inspection doors are
closed.

(4) All airflow and flue gas flow control dampers have been

operated through their full range to check the operating

mechanism and then are set at a position that allows the
fans to be started at a minimum airflow and without over-
pressuring any part of the unit.

All individual burner dampers or registers that are sub-

ject to adjustment during operations have been oper-

ated through their full range to check the operating
mechanism.
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(6) The drum water level is established in drum-type boilers,
and circulating flow is established in forced circulation
boilers or minimum water flow is established in once-
through boilers.

(7) The oxygen analyzer(s) and combustibles analyzer(s), if
provided, are operating as designed, and a sample has
been obtained. The combustibles indication is at zero,
and the oxygen indication is at maximum.

(8) All safety shutoff valves are closed, and all sparks are de-
energized.

(9) Gas ignition systems meet the requirements of Sec-
tion 6.6.

(10) The circulating valves are open to provide and maintain
hot oil in the burner headers.

(11) The burner guns are checked to ensure that the correct
burner tips or sprayer plates and gaskets are in place to
provide a safe operating condition.

(12) The burner elements and igniters are positioned in ac-
cordance with the manufacturer’s specification.

(13) Energy is supplied to the control system and to interlocks.

(14) The meters or gauges indicate fuel header pressure to
the unit.

(15) A complete functional check of the interlocks has been
made after an overhaul or modification of the interlock
system.

(16)*An operational test of each igniter has been made. The
test shall be integrated into the starting sequence and
shall follow the unit purge and precede the admission of
any main fuel.

(17) Individual igniters or groups of igniters also shall be per-
mitted to be tested while the unit is in service. Such tests
shall be made with no main fuel present in the igniter’s
associated burner, and the burner air register shall be in
its start-up or light-off position as described in the estab-
lished operating procedure.

(18)*Units with a history of igniter unreliability shall require
additional test routines to verify the continuing operat-
ing ability of igniters and ignition system components.

6.7.5.2.2 Where provided, regenerative air heaters and gas re-
circulation fans shall be operated during all operations of the
unit in a manner recommended by the boiler manufacturer.

6.7.5.2.3* Starting Sequence.

6.7.5.2.3.1 Operation of regenerative-type air heaters, pre-
cipitators, and gas recirculation fans shall be included in the
start-up sequence in accordance with the manufacturer’s rec-
ommendations.

6.7.5.2.3.2 The starting sequence shall be performed in the
order of 6.7.5.2.3.2(A) through 6.7.5.2.3.2(X).

(A) An open flow path from the inlets of the forced draft fans
through the stack shall be verified.

(B) An induced draft fan, if provided, shall be started, and
the following shall be performed:

(1) Aforced draft fan then shall be started.

(2) Additional induced draft fans or forced draft fans shall be
started in accordance with 6.5.3, as necessary, to achieve
purge flow rate.

(C) Dampers and burner registers shall be opened to the
purge position in accordance with the open register purge
method objectives outlined in 6.7.5.1.7.

(D) The airflow shall be adjusted to purge airflow rate, and
the following shall be performed:

(1) Awunit purge

(2) Special provisions as necessary to prevent the hazardous ac-
cumulation of volatile vapors that are heavier than air or to
detect and purge accumulations in the furnace ash pit

(E) Itshall be determined that the oil temperature or viscos-
ity is within predetermined limits to ensure that atomization
will occur. The circulating valve and throttle recirculating
valve, if necessary, shall be closed to allow establishment of
burner header pressure within manufacturer’s limits as speci-
fied in 6.7.5.2.3.2(G).

(F) The main fuel control valve shall be closed and the
main safety shutoff valve (s) shall be open, but only after the
requirements of 6.7.5.12.9 for leak test requirements and
6.4.2.3.4 for permissive conditions in the unit purge system
have been satisfied.

(G) Itshall be determined that the main fuel control valve is
closed, and the main fuel bypass control valve, if provided,
then shall be set to maintain the necessary burner header pres-
sure for light-off. The main fuel control valve shall be opened
when necessary.

(H) For gas- or oilfired igniters, the igniter safety shutoff
valve (s) shall be opened, and the following shall be performed:

(1) Itshall be confirmed that the igniter fuel control valve is
holding the manufacturer’s recommended fuel pressure
necessary for the igniter to operate at design capacity.

(2) Gas igniter headers shall be vented in order to be filled
with gas and to provide a flow (if necessary) so that the
igniter fuel control valve functions to regulate and main-
tain the pressure within design limits specified by the
manufacturer for lighting the igniters.

(I) The air register or damper on the burner selected for
light-off shall be adjusted to the position recommended by the
manufacturer or the established operating procedure, in ac-
cordance with 6.7.5.1.7(C) through 6.7.5.1.7(F).

(J) The spark or other source of ignition for the igniter(s) on
the burner(s) to be lit shall be initiated, and the procedure
shall continue as follows:

(1) The individual igniter safety shutoff valve(s) shall be
opened, and all igniter system atmospheric vent valves
(gas igniters only) shall be closed.

(2) If flame on the first igniter(s) is not established within
10 seconds, the individual igniter safety shutoff valve(s)
shall be closed, and the cause of failure to ignite shall be
determined and corrected.

(3) With airflow maintained at purge rate, repurge shall not
be required, but at least 1 minute shall elapse before a
retrial of this or any other igniter is attempted.

(4) Repeated retrials of igniters without investigating and cor-
recting the cause of the malfunction shall be prohibited.

(K) Where Class 3 special electric igniters are used, the pro-
cedures described in 6.7.5.2.3.2(A) through 6.7.5.2.3.2(G),
6.7.5.2.3.2(I), and 6.7.5.2.3.2(L) through 6.7.5.2.3.2(N) shall
be used, recognizing the requirements for individual main
burner flame supervision.
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(L) After making certain that the igniter(s) is established and
is providing the required level of ignition energy for the main
burner(s), the following shall be performed:

(1) The individual burner safety shutoff valve(s) shall be
opened.

(2) The master fuel trip shall be initiated when the flame de-
tection system (s) indicates that ignition has not been ob-
tained within 5 seconds of the time the fuel actually be-
gins to enter the furnace.

(3) Purging shall be repeated, and the conditions that caused
the failure to ignite shall be corrected before another
light-off attempt is made.

(4) For the following burner and all subsequent burners
placed in operation, failure to ignite or loss of ignition for
any reason on any burner(s) shall cause fuel flow to that
burner(s) to stop.

(5) All conditions required by the manufacturer and estab-
lished operating procedures for light-off shall exist before
the burner(s) is restarted.

(M) After stable flame is established, the air register(s) or
damper(s) shall be adjusted slowly to its operating position,
making certain that ignition is not lost in the process. With
automatic burner management systems, the air register shall
be permitted to be opened simultaneously with the burner
safety shutoff valve.

(N) Class 3 igniters shall be shut off at the end of the time
trial for proving the main flame, and the following shall be
performed:

(1) Itshall be verified that the stable flame continues on the
main burners after the igniters are shut off.

(2) Some systems that allow the igniters to remain in service
on either an intermittent or a continuous basis shall have
been tested to meet all the requirements of Class 1 ignit-
ers or Class 2 igniters with associated interlocks in service.

(O) The same procedures of 6.7.5.2.3.2(I) through
6.7.5.2.3.2(N) shall be followed for placing additional burn-
ers with open registers in service, as necessary, to raise
steam pressure or to carry additional load, and the follow-
ing shall be performed:

(1) If used, automatic control of burner fuel flow and burner
airflow during the lighting and start-up sequence shall be
in accordance with the requirements of 6.7.5.2.3.2(R).

(2) The fuel flow to each burner (as measured by burner fuel
header pressure) shall be maintained at a controlled
value that is compatible with the established airflow
through the corresponding burner.

(3) The established airflow through each open register shall
be permitted to be maintained by controlling the
windbox-to-furnace differential.

(4) Total furnace airflow shall not be reduced below purge
rate airflow and shall be at least that which is necessary for
complete combustion in the furnace.

(5) Ifitis necessary to vary fuel header pressure to eliminate a
problem of having excessive lighting off and shutting
down of burners, such variations shall be limited to a pre-
determined range.

(6) This range shall be a function of the incremental fuel
input that is added by the lighting of a single burner or
gang of burners.

(P) After a predetermined number of burners that allow con-
trol of header fuel flow and temperature have been placed in
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service, the recirculating valve shall be closed unless the sys-
tem is designed for continuous recirculation.

(Q) The maximum number of burners shall be placed in
service consistent with the anticipated continuous load and
the operating range of fuel header pressures.

(R) The on-line metering combustion control (unless de-
signed specifically for start-up procedures) shall not be placed
into service until the following have occurred:

(1) A predetermined minimum main fuel input has been
attained.

(2) All registers on nonoperating burners are closed, unless
compensation is provided by the control system.

(3) The burner fuel and airflow are adjusted as necessary.

(4) Stable flame and specified furnace conditions have been
established.

(S) Itshall be permitted to place a multiple number of ignit-
ers in service that are served simultaneously from a single ig-
niter safety shutoff valve, provided that the igniters are reliably
supervised, so that failure of one of the group to light causes
the fuel to all igniters in the group to shut off.

(T) It also shall be permitted to place a multiple number of
burners served by their corresponding multiple igniters from
a single burner safety shutoff valve in service simultaneously,
provided that the burners are reliably supervised, so that fail-
ure of one of the group to light causes the fuel to all burners in
the group to shut off.

(U) On units with an overfire air system, the overfire air con-
trol damper position shall be permitted to be changed only
when repositioning of all burner air registers or burner air
dampers is permitted.

(V) On units with an overfire air system, the boiler shall be op-
erating in a stable manner before the overfire air is introduced.

(W) On units with an overfire air system, the boiler shall be
operating in a stable manner before the overfire air is intro-
duced. The introduction of the overfire air shall not adversely
affect boiler operation.

(X) Areburn system shall be placed in service only after the
following have occurred:

(1) The boiler shall be operating at such a load as to ensure
that the introduction of the reburn fuel will not adversely
affect continued boiler operation.

(2) This operation shall include a load that maintains the re-
quired reburn zone temperatures in accordance with
6.7.3.5.2.

(3) The boiler shall be operating in a stable manner before
the reburn start-up sequence is initiated.

6.7.5.3 Functional Requirements: Normal Operation.

6.7.5.3.1 The firing rate shall be regulated by increasing or
decreasing the fuel and air supply simultaneously to all oper-
ating burners, maintaining airfuel ratio within predeter-
mined operating limits continuously at all firing rates.

(A) This procedure shall not eliminate requirements for air
lead and lag during changes in the fuel firing rate.

(B) This requirement shall not apply to systems provided
with metering of air and fuel to each burner and designed
specifically for individual burner-modulating control.
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6.7.5.3.2 The reburn injection rate shall be regulated within
the design limits of the reburn equipment.

(A) Airflow lead and lag shall be used during changes in the

reburn fuel injection rate.

(B) Reburn safety shutoff valves shall be fully open or com-
pletely closed.

(C) Intermediate settings shall not be used.

6.7.5.3.3 The firing rate shall not be regulated by varying the
fuel to individual burners by means of the individual burner
safety shutoff valve (s).

(A) The individual burner safety shutoff valve (s) shall be fully
open or completely closed.

(B) Intermediate settings shall not be used.

6.7.5.3.4 Air registers shall be set at the firing positions as
determined by tests except in systems provided with metering
of air and fuel to each burner and designed specifically for
individual burner modulating control.

6.7.5.3.5 The burner fuel and airflow shall be maintained
within a range between the maximum and minimum limits as
determined by trial or, if trial results do not exist, as specified
by the combustion equipment manufacturer(s).

(A) These trials shall test for minimum and maximum limits
and stable flame under each of the following conditions:

(1) With all oil burners in service and combustion control on
automatic

(2) With different combinations of oil burners in service and
combustion control on automatic

(3) With different combinations of gas, oil, and coal burners
in service and combustion controls on automatic

(4) With minimum and maximum reburn flow rates

(5) With each reburn fuel injection pattern

(6) With overfire air operating at its minimum and maximum
limits

(B) Where changes occur to any of the minimum and maxi-

mum limits because of equipment modifications, operating

practices, or fuel conditions, retesting shall be required.

6.7.5.3.6 Loss of Individual Burner Flame.

(A) On loss of an individual burner flame, that individual
burner’s safety shutoff valve shall be automatically closed.

(B) The burner register shall be closed if it interferes with the
air-fuel ratio supplied to any other individual burner flame.

6.7.5.3.7 Total airflow shall not be reduced below the purge

rate.

6.7.5.4 Functional Requirements: Normal Shutdown. The re-
quirements in 6.7.5.4 shall apply to the removal of oil from
service as the only main burner fuel being fired, and the re-
quirements in 6.7.5.8 shall apply to removal of oil from service
with other fuel remaining in service.

(A) When taking the unit out of service, the boiler load shall
be reduced to that necessitating a purge rate airflow, while
maintaining operation within the tested limits determined in
6.7.5.3.5.

(B) Prior to removing oil from service and prior to the loss of
reburn permissives, reburn fuel shall be shut down as defined
in 6.6.5.2.9, 6.7.5.10, or 6.8.5.2.9.

(C) The metering combustion control shall be taken out of
service, and the start-up fuel supply pressure, register settings,
and airflows shall be established in accordance with written
start-up procedures.

(D) Where designed for start-up and shutdown procedures,
the metering combustion control shall not be required to be
taken out of service.

(E) As the fuel is reduced, a sequential shutdown of the burn-
ers shall be accomplished by closing the individual burner
safety shutoff valves.

(F) Each burner shall be shut down in the following se-
quence:

(1) The igniter shall be placed into service on the particular
burner to be shut down.

(2) With the igniter in service, the burner safety shutoff valve
shall be closed and the steam (or air) clearing valves shall
be opened.

(3) The clearing steam (or clearing air) shall be left in service
a predetermined length of time that has been proven ad-
equate to remove all oil so as to ensure there will be no
carbonization and plugging of the burner tip.

(4) The igniter shall be removed from service, and the oil gun
shall be removed or retracted unless cooling is provided.

(5) If the oil passages of the igniter are to be cleared into the
furnace, the spark or other ignition source for the igniter
shall be initiated before opening the steam (or air) clear-
ing valve.

(6) Registers shall be placed in the position prescribed by the
established operating procedure(s).

(G) As the fuel is reduced, the remaining burners shall be
shut down sequentially as described in 6.7.5.4(E) and
6.7.5.4(F) except that the last burner shall not be scavenged
unless an associated Class 1 igniter is in use.

(H) When the last individual burner safety shutoff valve is
closed, the main safety shutoff valve shall be checked to con-
firm that it has closed.

(I) When all burners, igniters, and the reburn system have
been removed from service, the purge rate airflow shall be
verified, and a unit purge shall be performed.

(J) After completion of the unit purge, closing the burner air
registers and shutting down the forced draft fans and induced
draft fans shall be permitted to be optional; however, main-
taining airflow through the unit to prevent accumulation of
combustible gases is a prudent procedural step due to the po-
tential of fuel leak-by.

(K) Leakage of main or igniter fuel into the furnace or wind-
box shall be prevented.

(L) If fuel recirculation in the burner header is to be estab-
lished, the following shall be completed:

(1) Confirmation that individual burner safety shutoff valves
are closed and that flame is out on each burner

(2) Confirmation that main safety shutoff valve is closed

(3) Opening of circulating valve and recirculating valve

6.7.5.5 Functional Requirements: Normal Hot Restart.

6.7.5.5.1 When restarting a hot unit, the requirements of
6.7.5.2.1(6) through 6.7.5.2.1(14) for a cold start shall be met.

6.7.5.5.2 The starting sequence in 6.7.5.2.3 shall be followed.
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6.7.5.6 Functional Requirements: Emergency Shutdown —
Master Fuel Trip.

6.7.5.6.1 An emergency shutdown shall initiate a master fuel
trip.

6.7.5.6.2 Mandatory Automatic Master Fuel Trips.

(A) Interlocks shall be installed in accordance with 6.4.2 and
6.5.4.

(B) A master fuel trip shall result from any of the following
conditions:

(1) Fuel and atomizing medium (if provided) to the burners
outside operating limits necessary to accomplish atomiza-
tion as established by trial or by the burner manufacturer
and no other fuel proven in service. If another fuel is
proven in service, this shall cause an oil fuel trip, but not a
master fuel trip.

(2) Total airflow decrease below the purge rate by 5 percent
design full load airflow.

(3) Loss of either all induced draft fans or all forced draft
fans.

(4) Loss of all flame.

(5) Partial loss of flame predetermined to be likely to intro-
duce a hazardous accumulation of unburned fuel in ac-
cordance with Table 6.4.2.3.1(a), block 8.

(6) Furnace pressure in excess of the prescribed operating
pressure by a value specified by the manufacturer.

(7) Al fuel inputs shut off in accordance with Table
6.4.2.3.1(a), block 9.

6.7.5.6.3 Mandatory Master Fuel Trips with Alarms — Not
Necessarily Automatically Initiated. A master fuel trip shall re-
sult from any of the following conditions:

(1) Loss of energy supply for boiler control, burner manage-
ment, or interlock systems.

(2) Furnace negative pressure in excess of the value specified
by the manufacturer. [See 6.4.2.3.6(E).]

6.7.5.6.4 A master fuel trip that results from any of the emer-
gency conditions tabulated in 6.7.5.6.2 and 6.7.5.6.3 shall stop
all fuel flow to the furnace from all burners and the reburn
system by tripping the main and individual burner safety shut-
off valves and the main and individual reburn safety shutoff
valves.

(A) The igniter safety shutoff valve and individual igniter
safety shutoff valves shall be tripped, and the igniter sparks
shall be de-energized.

(B) If a furnace inerting system is installed, the inerting sys-
tem shall be operated simultaneously with the master fuel trip.

(C) Master fuel trips shall operate in a manner to stop all fuel
flow into the furnace within a period of time that does not
allow a dangerous accumulation of fuel in the furnace.

(D) A master fuel trip shall not initiate a forced draft or in-
duced draft fan trip.

(E) Electrostatic precipitators, fired reheaters, or other igni-
tion sources shall be tripped.

(F) Clearing of oil passages into the furnace immediately fol-
lowing an emergency trip shall not be permitted.
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6.7.5.6.5* Purging After an Emergency Shutdown with Draft
Fans in Service.

(A) Fans that are operating after the master fuel trip shall be
continued in service.

(B) The airflow shall not be increased by deliberate manual
or automatic control action.

(C) If the airflow is above the purge rate, it shall be permitted
to be decreased gradually to the purge rate for a unit purge.

(D) If the airflow is below the purge rate at the time of the
trip, it shall be continued at the existing rate for 5 minutes and
then increased gradually to the purge rate airflow and held at
this value for a unit purge.

(E) During a master fuel trip event, the overfire air system
shall remain at the same setting as when the event occurred
for such time as the main combustion airflow is held.

(F) Following this hold period, the overfire air shall be per-
mitted to be gradually adjusted, either manually or automati-
cally, to overfire air purge settings or cooling flows.

6.7.5.6.6 Purging After an Emergency Shutdown with Loss of
Draft Fans.

(A) If the emergency trip was caused by loss of draft fans, or
draft fans also have tripped, all dampers in the air and flue gas
passages of the unit shall be opened slowly to the fully open
position to create as much natural draft as possible to ventilate
the unit.

(B) The opening of fan dampers shall be timed or controlled
to ensure that positive or negative furnace pressure transients
beyond design limits do not occur during fan coastdown.

(C) This condition shall be maintained for at least 15 minutes.

(D) At the end of this period, the fan(s) shall be started in
accordance with Section 6.5.

(E) The airflow shall be increased gradually to the purge rate,
and a unit purge shall be completed.

6.7.5.6.7 Action following the purge after an emergency shut-
down (see 6.7.5.6.5 and 6.7.5.6.6) shall be in accordance with
either of the following:

(1) The unit shall be shut down in accordance with 6.7.5.4(])
through 6.7.5.4(L) and 6.7.5.6.6.

(2) If a unit purge was successfully completed following an
emergency shutdown and the conditions of 6.7.5.2.1(6)
through 6.7.5.2.1(14), 6.7.5.2.3.2(C), and 6.7.5.2.3.2(E)
are satisfied, a relight in accordance with 6.7.5.2.3.2(F)
through 6.7.5.2.3.2(S) shall be permitted.

6.7.5.6.8 One burner (or group of burners) ata time shall be
placed in service in a manner specified in 6.7.5.2.3.

(A) Oil passages then shall be cleared into the furnace from
each burner when the igniter has been established for that
burner.

(B) After each burner is cleared, its igniter shall be shut
down.

6.7.5.7 Functional Requirements: Starting Sequence — Sec-
ond Fuel.

6.7.5.7.1 When starting oil as a second fuel, the requirements
0f 6.7.5.2.1(8) through 6.7.5.2.1(14) shall be satisfied, and the
total heat input shall be limited as described in 6.7.5.12.10.



MULTIPLE BURNER BOILERS 85-65

6.7.5.7.2 The starting sequence of the first fuel (gas or coal)
shall be complete, and the starting sequence of the second
fuel (oil) shall be performed in the following order:

(1) The main oil control valve shall be closed and the main
safety shutoff valve (s) shall be opened, but only after leak
test requirements in 6.7.5.12.9 have been met.

(2) The starting sequence in 6.7.5.2.3.2(G) through
6.7.5.2.3.2(T) shall be followed.

Exception: For sequence 6.7.5.2.3.2(L), where oil is the second fuel to
be placed in service, an oil fuel trip shall be initiated when the flame
detection system(s) indicates that ignition has not been obtained
within 5 seconds of the time the fuel 0il actually begins to enter the
Jfurnace. A master fuel trip shall not be required.

6.7.5.8 Functional Requirements: Shutdown Sequence — Sec-
ond Fuel. The requirements in 6.7.5.8 shall apply to the re-
moving of oil from service with other main burner fuel re-
maining in service, and the requirements in 6.7.5.4 shall apply
to the removal of oil from service as the only main burner fuel
being fired.

6.7.5.8.1 When shutting off oil with gas or coal remaining in
service, a sequential shutdown of the oil burners shall be ac-
complished by the following sequence:

(1) The igniter shall be placed into service on the particular
burner to be shut down.

(2) With the igniter in service, the burner safety shutoff valve
shall be closed and the steam (or air) clearing valves shall
be opened.

(3) The clearing steam (or clearing air) shall be left in service
a predetermined length of time that has been proven ad-
equate to remove all oil so as to ensure there will be no
carbonization or plugging of the burner tip.

(4) The igniter shall be removed from service, and the oil gun
shall be removed or retracted unless cooling is provided.

6.7.5.8.2 The remaining burners shall be shut down sequen-
tially as previously described, leaving the registers in the posi-
tion prescribed by the established operating procedure.

6.7.5.8.3 When the last individual burner safety shutoff valve
is closed, the main safety shutoff valve shall be closed.

6.7.5.9 Functional Requirements: Reburn System Start.

6.7.5.9.1 The reburn system shall not be started until the
requirements in 6.7.3.5.2 have been met and shall follow the
prerequisites in 6.7.5.2.3.2(X).

6.7.5.9.2* The furnace temperature characteristics as a
function of heat input, steam flow, or other reliable control
signal shall be utilized as a permissive to initiate the reburn
fuel injection.

6.7.5.9.3 1If the reburn system admits reburn fuel through
burners, then the starting sequence shall also follow that speci-
fied for burners in 6.7.5.2.3.2(F) through 6.7.5.2.3.2(N).

6.7.5.9.4 If the reburn system admits reburn fuel by means
other than through burners, then the starting sequence shall
incorporate the following:

(1) Inclusion of all reburn operation permissives required by
this chapter

(2) Following of the procedure specified by the manufacturer
of the reburn system

6.7.5.10 Functional Requirements: Shutdown Sequence —
Reburn Fuel.

6.7.5.10.1 If the reburn system admits reburn fuel through
burners, the shutdown sequence shall follow that specified for
burners in 6.7.5.4.

6.7.5.10.2 If the reburn system admits reburn fuel by means
other than through burners, the shutdown sequence shall be
as follows:

(1) Reduce the reburn fuel flow to minimum.

(2) Close individual reburn shutoff valves.

(3) Open the reburn steam (or air) clearing valves. Leave the
clearing valves open until all fuel oil has been removed
from the reburn atomizer tip.

(4) Close the main reburn safety shutoff valve(s).

(5) Retract the reburn system from service, or place reburn
cooling in service, if equipped.

6.7.5.11 Emergency Conditions Not Requiring Shutdown or
Trip.

6.7.5.11.1 In the event of a loss of a fan or fans for unit instal-
lations with multiple induced draft fans, forced draft fans, or
both, the control system shall be capable of reducing the fuel
flow to match the remaining airflow; otherwise, tripping of the
unit shall be mandatory.

6.7.5.11.2* If an air deficiency develops while flame is main-
tained at the burners, the fuel shall be reduced until the air-
fuel ratio has been restored to within predetermined, accept-
able limits; if fuel flow cannot be reduced, the airflow shall be
increased slowly until the air-fuel ratio has been restored to
within those limits.

6.7.5.11.3 Burners with poor atomization shall be shut down.
If a predetermined number, as outlined in an established op-
erating procedure, are so affected as to introduce a hazardous
condition, all fuel shall be tripped.

6.7.5.12 General Operating Requirements — All Conditions.

6.7.5.12.1 Prior to starting a unit, action shall be taken to
prevent fuel from entering the furnace.

6.7.5.12.2 A unit purge shall be completed prior to starting a
fire in the furnace.

6.7.5.12.3 The purge rate shall be not less than 25 percent of
the design full load mass airflow.

6.7.5.12.4 The igniter for the burner shall always be used.

6.7.5.12.5 Burners shall not be lighted using a previously
lighted burner or from hot refractory.

6.7.5.12.6 Where operating at low capacity, the burner fuel
pressure shall be maintained above minimum by reducing the
number of burners in service as necessary.

6.7.5.12.7 Where clearing oil passages into the furnace, ignit-
ers shall be in service, with ignition established, and shall be in
accordance with 6.7.5.4(E) through 6.7.5.4(G).

6.7.5.12.8* Sootblowers.

(A) Sootblowers shall be operated only where heat input to
the furnace is at a rate high enough to prevent a flameout
during the sootblower operation.

(B) Sootblowers shall not be operated at low load and high
excess air conditions.
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(C) The use of wall sootblowers and high temperature super-
heater and reheater sootblowers shall be permitted for clean-
ing during periods of unit outage if a unit purge has been
completed and purge rate airflow is maintained.

(D) The use of air heater sootblowers during start-up shall be
permitted.

(E) Operation of air heater sootblowers shall be in accor-
dance with the requirements of the air heater manufacturer.

6.7.5.12.9* An operational leak test shall be performed in ac-
cordance with established procedures while maintaining, at a
minimum, purge rate airflow before the oil supply header is
placed in service.

6.7.5.12.10 Total Heat Input.

(A) The total heat input within a burner or furnace zone, or
both, shall not exceed the maximum limits specified for the
equipment by the manufacturer.

(B) The total heat inputs of multiple fuels shall be accounted
for where a burner or furnace zone, or both, simultaneously
fires more than one fuel.

6.7.6* Boiler Front Control (Supervised Manual). Supervised
manual operation shall not apply to new construction.

6.7.7 Two-Burner Systems — Single Fuel Flow Control.
6.7.7.1 Fundamental Principles.

6.7.7.1.1* Two-burner boilers that are served by a single fuel
flow control valve and a single airflow control damper and
provided with fuel safety shutoff valves for each burner shall
meet the special design and operating requirements of 6.7.7.

6.7.7.1.2 Subsection 6.7.7 shall not apply to two-burner boil-
ers with separate air-fuel ratio controls that consist of a fuel
flow control valve and an airflow control damper for each
burner and that provide independent burner operation.

6.7.7.1.3 Subsection 6.7.7 shall not apply to two burners that
are lighted off, operated, and shut down in unison as a single
burner, with common fuel and airflow controls and fuel safety
shutoff valves. Such systems shall be in accordance with
6.7.5.2.3.2(S) and 6.7.5.2.3.2(T).

6.7.7.2 System Requirements.

6.7.7.2.1 The control system design optionsin 6.7.7.2.1.1 and
6.7.7.2.1.2 shall be provided in order to maintain the air-fuel
ratio within the manufacturer’s suggested limits on one
burner in the event of an automatic trip of the other burner.

6.7.7.2.1.1 Aflame failure signal at one of the two burners shall
initiate one of the following immediately and automatically:

(1) A master fuel trip

(2)*A trip of the individual fuel safety shutoff valve(s) for the
failed burner and a reduction of total boiler fuel flow by
50 percent of the flow prior to the trip without reducing
total boiler airflow or individual burner airflow, this ac-
tion to be accomplished by correcting the burner header
fuel pressure to the value at which it had been operating
prior to the trip of the first burner

(3) A trip of the individual fuel safety shutoff valve(s) for the
failed burner and simultaneous shutoff of the air supply to
that burner, the fuel input to the operating burner not ex-
ceeding the established maximum firing rate or the manu-
facturer’s suggested air-fuel ratio limits of the burner
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6.7.7.2.1.2 The automatic recycling mode of operation shall
be prohibited.

6.7.7.2.2 Burner Light-Off Procedures. The following operat-
ing procedures shall be followed to prevent air-fuel ratio up-
sets during burner light-off:

(1) Prior to light-off of the first burner, the furnace shall be
purged with airflow through both burner registers at
purge rate.

(2) When the first burner is being lit, the registers in the sec-
ond burner shall be left open to the purge position.

(3) The operator shall observe main flame stability while
making any register or burner damper adjustments.

(4) During and after the light-off of the second burner, the
operator shall observe flame stability on the first burner.

(5) If a boiler is operating on one burner with the air supply
closed off to the other burner and it becomes necessary to
light the second burner, established operating proce-
dures shall be used to prevent creating a hazardous air-
fuel ratio at the first operating burner. The following gen-
eral procedures shall be performed to prevent air
starvation of the operating burner when air is introduced
to the idle burner in preparation for its light-off:

(a) Before admitting any air to the idle burner, the excess
air on the operating burner shall be increased by either
increasing airflow while holding fuel flow constant or
reducing fuel flow while holding airflow constant.

(b) The register or damper at the idle burner shall be
opened slowly while the effect on the operating
burner is continuously observed and any adjustments
to fuel flow or total boiler airflow necessary to main-
tain a stable flame are made.

(c) After the second burner has been lit, flame stability
shall be confirmed at both burners before control is
transferred to the combustion control system.

(6) Where the two burners are not equipped with individual
burner air registers or dampers, 6.7.7.2.2(5) shall not ap-
ply. Total boiler airflow shall be maintained so that the
operating burner’s air-fuel ratio stays within the manufac-
turer’s suggested limits.

6.7.7.3 Fuel Transfer Procedure.

6.7.7.3.1 An operating procedure, either manual or auto-
matic, that prevents a hazardous air-fuel ratio at either burner
when a fuel transfer is made shall be followed.

6.7.7.3.2 The following procedure shall be performed:

(1) Total fuel and airflow shall be reduced to within the de-
sign capacity of one burner.

(2) Both fuel and air to the burner on which fuels are to be
transferred shall be shut off simultaneously.

(3) The burner shall be restarted on the new fuel in accor-
dance with the procedures in 6.7.7.2.2(5).

6.8 Pulverized Coal Systems.
6.8.1 General.

6.8.1.1 The requirements in Section 6.8 and Chapter 9 shall
apply to installations where pulverized coal is supplied.

6.8.1.2 Although the pulverized coal section of this code em-
phasizes direct-fired systems, it shall also apply to bin systems.
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6.8.2% Coal Firing — Special Problems.

6.8.2.1* In addition to the common hazards involved in the
combustion of solid, liquid, and gaseous fuels, the following
special hazards related to the physical characteristics of pulver-
ized coal shall be addressed in the design of the firing systems:

(1)*Each coal processing subsystem shall be designed and op-
erated in accordance with Chapter 9 of this code.

(2)*Coal bunkers and other enclosed spaces shall be designed
to prevent accumulation of methane gas.

(3)*Coal burners shall be removed from service in a predeter-
mined manner.

(4)*Pulverized coal dust shall be prevented from accumulat-
ing in pulverizer air ducts. Means shall be provided to
prevent the reverse flow of furnace gases into idle burners
or pulverizers.

(5)*To prevent ignition or settling of pulverized coal in
burner pipes, the transport air velocity in all burner pipes
shall be maintained at or above a predetermined mini-
mum value during operation and while purging the pipes
during the shutdown procedure. This minimum value
shall be established by the manufacturer and verified by
tests.

Exception:  Transport air shall not be maintained during an emer-
gency trip condition.

(6)*The coal-air mixture temperature leaving the pulverizer
shall be maintained within the limits specified by the pul-
verizer and burner manufacturer(s) for the type of coal
being burned.

(7) To minimize explosions in the pulverizer or burner pipes,
provision shall be made for cooling down and emptying
the pulverizers as part of the process of shutting down the
associated burners. If the pulverizer is tripped under load,
the clearing procedure outlined in 6.8.5.3 shall be fol-
lowed to prevent spontaneous combustion and a possible
explosion in the pulverizer or burner pipes.

6.8.2.2 Coal Burner Turndown Ratio.

6.8.2.2.1 The additional requirements in 6.8.2.2.2 and
6.8.2.2.3 shall be addressed within the burner design param-
eters in 6.8.3.3.2, which determine the range of burner opera-
tion for stable flame.

6.8.2.2.2* Minimum firing rates shall be established for the
range of volatility and fineness expected.

6.8.2.2.3% The turndown ratio for extended reduced load op-
eration shall be determined for the full range of coals to be
fired.

CAUTION: Where operating with pulverized coal for an ex-
tended time at reduced loads, incomplete combustion causes
large quantities of unburned combustible dust to settle in hop-
pers and on horizontal surfaces. Do not disturb this dust by
rapidly increasing airflow or by sootblowing.

6.8.2.3 Effect of Turndown Ratio on Open Register Light-
Off.

6.8.2.3.1* Coal burners shall light off at their predetermined
minimum stable load.

6.8.2.3.2* The burner and pulverizer turndown ratio shall be
tested to determine the impact of burner throat size, number
of spare pulverizers, and coal quality.

6.8.2.3.3* The windbox-to-furnace differential shall be main-
tained at levels required for fuel and air turbulence through
the use of burner registers.

6.8.2.3.4 Registers shall be opened to the predetermined fir-
ing position.

6.8.2.3.5 The basic objectives of an open register light-off as
set forth in 6.8.5.1.7 shall be met.

6.8.2.3.6 Variation in light-off procedure shall be permitted
in accordance with the turndown ratio and other require-
ments listed in 6.8.2.3.1 through 6.8.2.3.5.

6.8.3 System Requirements.
6.8.3.1 Raw Coal Supply Subsystem.

6.8.3.1.1 The raw coal supply subsystem shall be sized to sat-
isfy the design requirements and arranged to ensure a con-
tinuous, steady fuel flow over all operating requirements of
the unit.

6.8.3.1.2 The unloading, storage, transfer, and preparation
facilities for raw coal shall be designed and arranged to size
the coal, to remove foreign material, and to minimize inter-
ruption of the coal supply to the coal feeders, which shall in-
clude, where necessary, the installation of breakers, cleaning
screens, and magnetic separators.

6.8.3.1.3 Raw coal feeders shall be designed with a capacity
range to allow for variations in size, quality, and moisture con-
tent of the coal as specified by the purchaser.

(A) Raw coal piping to and from feeders shall be designed for
free flow within the design range of coal size and moisture
content.

(B) Means shall be provided for observation and detection of
the coal flow.

(C) Access shall be provided for clearing of obstructions and
sampling of coal.

6.8.3.2 Pulverizer Subsystems.

(A) Coal-pulverizing equipment shall be designed to provide
a range of capacity that minimizes starting and stopping of
pulverizers during boiler load changes.

(B) Itshall produce specified coal fineness over the specified
design range of coal analyses and characteristics.

(C) Pulverizer systems shall be designed and operated in ac-
cordance with Chapter 9.

6.8.3.3 Main Burner Subsystem.
6.8.3.3.1% Stable Flame Limits.

(A) The main burner subsystem shall be designed so that the
burner inputs are supplied to the furnace continuously and
within their stable flame limits.

(B) Class 1 or Class 2 igniters, as demonstrated by test, shall be
permitted to be used to maintain stable flame when operating at
the lower operating limits determined in 6.8.3.3.2 and 6.8.3.3.3
for the main fuel subsystem in any given furnace design.

6.8.3.3.2* Tests for Stable Flame Limits. The limits of stable
flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition sub-
system in service.

(A) These tests shall verify that transients generated in the
fuel and air subsystems do not affect the burners adversely
during operation.

2004 Edition



85-68 BOILER AND COMBUSTION SYSTEMS HAZARDS CODE

(B) These tests shall include the expected range of fuels to be
fired in the unit.

(C) These tests shall be repeated after any combustion pro-
cess modification, such as the addition of overfire air, low NO,_
burners, and reburn, and after switching to any fuel not previ-
ously tested.

6.8.3.3.3 Additional Tests.

(A) Where Class 1 and Class 2 igniters are used, the tests
described in 4.6.2.3.2.4(A), 4.6.2.3.2.4(B), and 6.8.3.3.2 shall
be performed to determine the limits of stable flame with the
igniters in service.

(B) Operation using any extended turndown range from that
established in 6.8.3.3.2 shall be permitted only when Class 1

igniters are in service and flame is proved.

6.8.3.3.4 Provisions shall be made for visual observation of
conditions at the burner ignition zone and for flame detection
equipment.

6.8.3.3.5 Provisions shall be made for cleaning of the burner
nozzle and tip.

6.8.3.3.6* Maintenance.

(A) The burner equipment shall be in a location that allows
access for maintenance.

(B) The requirements of housekeeping in 4.4.1.2(8) shall be
followed to prevent the accumulation of unburned coal.

6.8.3.4 Flue Gas Recirculation to Burners. When flue gas or
other inert gases are introduced to the secondary air or com-
bustion air being supplied to burners, testing shall be used to
demonstrate that the methods and devices used provide uni-
form distribution and mixing.

(A) The oxygen content of the mixture being supplied to the
burners shall not be permitted to go below the limit specified
by the burner manufacturer or as proven by tests to provide
stable combustion.

(B) Means shall be provided to monitor either the ratio of
flue gas to air or the oxygen content of the mixture.

6.8.3.5 Reburn Fuel Supply Subsystem — Coal.

6.8.3.5.1 The reburn fuel supply equipment shall be de-
signed in accordance with Section 9.4.

6.8.3.5.2 Temperature Tests.

6.8.3.5.2.1 Furnace temperature at the location of reburn
fuel injection shall be at least 167°C (300°F) above the auto-
ignition temperature of the reburn fuel and shall be verified
by test.

6.8.3.5.2.2 The tests shall be performed for a variety of boiler
loads, burner firing configurations, furnace cleanliness condi-
tions, and excess air levels to determine the conditions under
which reburn operation shall be permitted.

6.8.3.5.3* Fuel reburn systems shall include either tempera-
ture monitoring or reburn flame sensors.

6.8.3.5.4 Fuel reburn systems shall utilize a flue gas combus-
tibles analyzer to detect combustibles.

6.8.4 Flame Monitoring and Tripping System.

6.8.4.1* The flame monitoring philosophy for coal firing shall
not require that a consistently detectable flame be maintained
at each burner of the flame envelope.
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6.8.4.2 Regardless of the number or pattern of flame loss
indications used for tripping, loss of flame indication on an
operating burner or flame envelope shall initiate an alarm
that warns the operator of potential hazard.

6.8.4.3* Flame Tripping Validation.

(A) The flame tripping concepts as described in 6.8.4.4.1,
6.8.4.4.2, and 6.8.4.4.3 shall be used on units only when the
boiler manufacturer has validated that concept for the specific
furnace configuration being used.

(B) This validation shall not be used to replace unit acceptance
tests relating to proof of design, function, and components.

6.8.4.4 Upon detection of loss of flame on a burner, a
pulverizer/burner group, or the furnace as a whole, an auto-
matic trip of the associated equipment shall be initiated as
required in 6.8.4.4.1 through 6.8.4.4.3.

6.8.4.4.1* Monitoring with Automatic Tripping of Individual
Burners or Burner Groups. Where automatic selective trip-
ping of individual burner nozzles or groups is provided, the
related feeder or the pulverizer and feeder shall be tripped
when a predetermined number or arrangement of burners
served by that pulverizer have tripped.

6.8.4.4.2 Monitoring with Automatic Tripping of Individual
Feeder or Pulverizer and Feeder.

(A) Upon detection of loss of flame on a predetermined
number or arrangement of burners served by a pulverizer, that
feeder or that pulverizer and feeder shall be automatically
tripped.

(B) An alarm shall sound upon detection of loss of flame on
each burner involved, and the operator shall inspect flame
conditions visually to determine whether burner or pulverizer
operation should be continued.

(C) The number and arrangement of burners for each pul-
verizer showing loss of flame that are necessary to automati-
cally initiate a feeder or pulverizer and feeder trip shall be
determined by the boiler manufacturer as a function of the
spatial arrangement of burners and the unit load.

(D) Under circumstances of operation where support be-
tween the operating burners does not exist, either from
proven igniters or from proven adjacent burners, loss of flame
on an individual burner shall automatically initiate a trip of
the feeder or the pulverizer and feeder.

6.8.4.4.3 Furnace Tripping. The following conditions shall
apply in furnace configurations where individual pulverizer/
burner sets are not selectively tripped:

(1) Detectors shall be located and adjusted to monitor spe-
cific zones within the furnace.

(2) Under all reasonable operating conditions, main fuel
combustion in one zone shall provide sustaining energy
to adjacent zones if each zone is not self-sustaining.

(3) Under circumstances of operation where support be-
tween zones receiving fuel does not exist, ignition support
shall be provided, or, upon loss of flame in a zone or in
the entire furnace, the master fuel trip shall be automati-
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6.8.4.5 Reburn System.

(A) The reburn system shall be shut down in accordance with
the reburn system manufacturer’s requirements if the tem-
perature falls below the limit specified in 6.8.3.5.2.

(B) The reburn system shall be tripped if the temperature
drops to 56°C (100°F) below the limit specified in 6.8.3.5.2.

(C) Loss of flame shall trip the operation of the reburn sys-
tem or portions of the reburn system in accordance with the
reburn system manufacturer’s requirements.

6.8.5 Sequence of Operations.
6.8.5.1 General.

6.8.5.1.1 Sequencing shall be required to ensure that operat-
ing events occur in the order established by proven operating
procedures.

6.8.5.1.2 Sequencing shall follow procedures that allow fuel
that falls within design specifications to be admitted to the
burners only when there is ignition energy and airflow within
design minimum requirements needed to ignite the fuel as it
enters the furnace.

6.8.5.1.3 Sequencing also shall be utilized when burners are
removed from operation.

6.8.5.1.4* The sequences of operation in 6.8.5 shall be fol-
lowed whether the unit is operated manually or certain func-
tions are accomplished by interlocks or automatic controls.

6.8.5.1.4.1 The starting and shutdown sequences outlined in
6.8.5 shall be followed to ensure an airrich furnace atmo-
sphere during start-up and to establish minimum velocities
through the furnace to prevent hazardous accumulations of
unburned fuel.

6.8.5.1.5 The rate that is used during the purge operation
shall be maintained throughout the start-up and initial load-
carrying period of operation until such time as more fuel and
air are needed, which means that the same number of burner
registers or burner dampers needed for purging the boiler
shall be left open throughout the starting sequence, as de-
scribed in the following paragraphs.

6.8.5.1.6 Burner Operation.

(A) Burners shall not be placed in service or removed in a
random pattern but in a sequence defined by operating in-
structions and verified by actual experience with the unit in
order to minimize laning or stratification of fuel or combus-
tion products.

(B) Pulverizers and burners shall be placed in service as nec-
essary, with fuel flows and individual register or damper set-
tings positioned for light-off according to an established oper-
ating procedure.

(C) The pulverizer loading and primary airflow shall be per-
mitted to be used as a guide in maintaining the necessary fuel
flow for each burner and shall be maintained within the pre-
scribed limits as follows:

(1) Aminimum limit of either a mechanical stop or a control
setting shall be provided so that the primary air through
the pulverizer and burner lines cannot be reduced below
a minimum flow that is found by test to prevent settling in
the burner lines. This minimum setting shall not prevent
isolation of the pulverizing equipment.

(2)*Every effort shall be made to establish a start-up proce-
dure that permits continuous firing.

(3) Although light-off of all burners associated with a pulver-
izer is recommended, it is sometimes necessary to operate
or light off with fewer than the total number of burners
served by the pulverizer. In this event, positive means shall
be provided to prevent fuel leakage into idle pulverized
fuel piping and through idle burners into the furnace.

(4) The associated igniter shall be placed in service prior to
admitting coal to any burner.

(5) When the burner(s) and furnace fuel input are within the
predetermined prescribed limits necessary to maintain
stable flame without the aid of igniters (as determined by
test), the igniters shall be permitted to be removed from
service.

(D) If some registers have been maintained in the closed
position, these registers shall not be opened without either
readjusting the total airflow to maintain the same burner air-
flow or closing an equal number of registers on idle burners to
obtain the same effect.

(E) The total furnace air throughput shall not be reduced
below the purge flow rate.

6.8.5.1.7 The open-register light-off and purge procedure
shall be used to maintain airflow at or above the purge rate
during all operations of the boiler.

(A) The open-register purge procedure shall include the
following:

(1) Use of a minimum number of required equipment ma-
nipulations, thereby minimizing exposure to operating
errors or equipment malfunction

(2) Creation of fuel-rich condition at individual burners dur-
ing their light-off

(3) Creation of an airrich furnace atmosphere during the
light-off and warm-up by maintaining total furnace airflow
at the same rate as that needed for the unit purge

(4) Minimization of the hazard of dead pockets in the gas
passes and the accumulation of combustibles by continu-
ously diluting the furnace with large quantities of air

(B) This procedure shall incorporate the following operating
objectives:

(1) All the registers necessary to establish airflow at or above
purge rate and uniform flow distribution throughout the
furnace placed in a predetermined open position.

(2) All overfire air port dampers placed in a predetermined
position providing a flow of air into the furnace through
each overfire air port.

(3) A unit purge completed with the burner air registers
and overfire air ports in the position specified in
6.8.5.1.7(B) (1) and 6.8.5.1.7(B) (2). The purge flow rate
shall not be so high as to cause an explosive condition due
to stirring up of combustibles smoldering in the hoppers.

(4) Prior to being placed into service, components (e.g., pre-
cipitators, fired reheaters) containing sources of ignition
energy purged for either (1) a period of not less than
5 minutes or (2) five volume changes of that component,
whichever is longer.

(5) Common component(s) between the furnace outlet and
the stack shared with other operating boilers bypassed for
unit purge.

(6) The first burner or group of burners lighted without any
change in the airflow setting; burner air register position,
except as permitted in 6.8.5.2.1.3(B) (6); or overfire air
control damper position.
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(C) Each boiler shall be tested during initial start-up to deter-
mine whether any modifications to the procedures specified
in 6.8.5.1.7 are required to obtain desired ignition or to satisfy
other design limitations during light-off and warm-up.

(D) For boilers that are purged with the registers in their
normal operating position, it shall be allowed to momentarily
close the registers of the burner being lighted if proven neces-
sary to establish ignition.

(E) Modifications in the basic procedure shall be allowed only if
they have been proven to be necessary to obtain light-off.

(F) However, 6.8.5.1.7(A) (1) shall always be followed,
thereby satisfying the basic objectives in 6.8.5.1.7(B).

6.8.5.1.8 Modification to the mode of operation resulting
from water, steam, and flue gas temperatures being outside
the established limits in the economizers and superheaters
shall be made only after it has been determined to be neces-
sary by operating experience.

6.8.5.2 Functional Requirements.

6.8.5.2.1 Cold Start. This subsection shall cover the require-
ments for placing coal in service as the initial fuel being fired.
The requirements for placing coal in service as a subsequent
fuel shall be as detailed by 6.8.5.2.6.

6.8.5.2.1.1 Preparation for starting shall include a thorough
inspection that shall verify the following:

(1) The furnace and gas passages are free of foreign mate-
rial and not in need of repair.

(2)*The bottom of the furnace, including ash hopper, is free
of accumulations of solid or liquid fuel, gases, or vapors
prior to each start-up.

(3) All personnel are evacuated from the unit and associated
equipment, and all access and inspection doors are
closed.

(4) All airflow and flue gas flow control dampers have been
operated through their full range to check the operating
mechanism and then are set at a position that allows the
fans to be started at a minimum airflow and without over-
pressuring any part of the unit.

(5) All individual burner dampers or registers that are sub-
ject to adjustment during operations have been oper-
ated through their full range to check the operating
mechanism.

(6) The drum water level is established in drum-type boilers,
and circulating flow is established in forced circulation
boilers, or minimum water flow is established in once-
through boilers.

(7) The oxygen analyzer(s) and combustibles analyzer(s), if
provided, are operating as designed, and a sample has
been obtained. Combustibles indication is at zero, and
oxygen indication is at maximum.

(8) The igniter safety shutoff valves are closed, and sparks
are de-energized. Gas ignition systems shall comply with
the requirements of Section 6.6. Oil ignition systems
shall comply with the requirements of Section 6.7.

(9) The pulverizing equipment is isolated effectively to pre-
vent inadvertent or uncontrolled leakage of coal into the
furnace.

(10) The pulverizers, feeders, and associated equipment are
operable, not in need of repair, and adjusted to the re-
quirements of established operating procedures that en-
sure their standby start-up status. All pulverizer and
feeder sensor lines are clean prior to starting.
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(11) Energy is supplied to control system and to interlocks.

(12) A complete functional check of the interlocks has been
made after an overhaul or modification of the interlock
system.

(13)*An operational test of each igniter has been made. The
test has been integrated into the starting sequence and
has followed the unit purge and preceded the admission
of any main fuel.

(14) Individual igniters or groups of igniters also have been
permitted to be tested while the unit is in service. Such
tests have been made with no main fuel present in the
igniter’s associated burner, and the burner air register
has been in its start-up or light-off position as described
in the established operating procedure.

(15)*Units with a history of igniter unreliability require addi-
tional test routines to verify the continuing operating
ability of igniters and ignition system components.

6.8.5.2.1.2 Where provided, regenerative air heaters and gas
recirculation fans shall be operated during all operations of the
unit in a manner recommended by the boiler manufacturer.

6.8.5.2.1.3 Starting Sequence.

(A) Operation of regenerative-type air heaters, precipita-
tors, and gas recirculation fans shall be included in the
start-up sequence in accordance with the manufacturer’s
recommendations.

(B) The starting sequence shall be performed in the follow-
ing order:

(1) An open flow path from the inlets of the forced draft
fans through the stack shall be verified.

(2) An induced draft fan, if provided, shall be started; a
forced draft fan then shall be started. Additional in-
duced draft fans or forced draft fans shall be started in
accordance with Section 6.5, as necessary, to achieve
purge flow rate.

(3) Dampers and burner registers shall be opened to purge
position in accordance with the open-register purge
method objectives outlined in 6.8.5.1.7.

(4) The airflow shall be adjusted to purge airflow rate, and a
unit purge shall be performed. Special provisions shall
be utilized as necessary to prevent the hazardous accu-
mulation of volatile vapors that are heavier than air or to
detect and purge accumulations in the furnace ash pit.

(5) For gas- or oilfired igniters, the igniter safety shutoff
valve (s) shall be opened, and it shall be confirmed that
the igniter fuel control valve is holding the manufactur-
er’s recommended fuel pressure necessary to allow the
igniter to operate at design capacity. Gas igniter headers
shall be vented in order to be filled with gas and to pro-
vide a flow (if necessary) so that the igniter fuel control
valve can function to regulate and maintain the pressure
within design limits specified by the manufacturer for
lighting the igniters.

(6) The air register or damper on the burners selected for
light-off shall be adjusted to the position recommended by
the manufacturer or the established operating procedure,
in accordance with 6.8.5.1.7(C) through 6.8.5.1.7(F).

(7) The spark or other source of ignition for the igniter(s)
on the burner(s) to be lit shall be initiated, and the fol-
lowing procedures shall be performed:

(a) The individual igniter safety shutoff valve(s) shall be
opened.

(b) If flame on the first igniter(s) is not established
within 10 seconds, the individual igniter safety shut-
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(8)

9)

(12)

(13)

(14)

(15)

(16)

off valve (s) shall be closed, and the cause of failure
to ignite shall be determined and corrected.

(c) With airflow maintained at purge rate, repurge shall
not be required, but at least 1 minute shall elapse
before a retrial of this or any other igniter is at-
tempted.

(d) Repeated retrials of igniters without investigating
and correcting the cause of the malfunction shall be
prohibited.

With the coal feeder off, all gates between the coal bun-
ker and the pulverizer feeder shall be opened, and it
shall be confirmed that coal is available to the feeder.
The igniters shall be checked to ensure they are estab-
lished and are providing the required level of ignition
energy for the main burners. The pulverizing equipment
shall be started in accordance with the equipment manu-
facturer’s instruction.

The furnace airflow shall be readjusted after conditions
stabilize, as necessary. Airflow shall not be reduced below
the purge rate.

The feeder shall be started at a predetermined setting
with the feeder delivering coal to the pulverizer, and the
following shall be performed:

(a) Pulverized coal shall be delivered to the burners af-
ter the specific time delay necessary to build up stor-
age in the pulverizer and transport the fuel to the
burner.

(b) This time delay, which shall be determined by test,
shall be permitted to be as short as a few seconds
with some types of equipment or as long as several
minutes with others.

Ignition of the main burner fuel admitted to the furnace
shall be confirmed, and the following requirements shall
be met:

(a) Required ignition shall be obtained within 10 sec-
onds following the specific time delay described in
6.8.5.2.1.3(11).

(b) The coal fuel trip shall be initiated on failure to ig-
nite or loss of ignition on burners served by the first
pulverizer placed in operation.

(c) Where Class 2 or Class 3 igniters are used, then a
master fuel trip shall be initiated.

(d) Where the cause of failure to ignite or loss of igni-
tion is known to be due to loss of coal in the pulver-
izer subsystem, initiation of the master fuel trip shall
not be required, but all required conditions for
light-off shall exist before coal feed is restored.

For the following pulverizer and all subsequent pulveriz-
ers placed in operation, failure to ignite or loss of igni-
tion for any reason on any burner shall cause the fuel
flow to that burner to stop in accordance with the manu-
facturer’s recommendations. All conditions required by
established operating procedures for light-off shall exist
before the burner is restarted.

After stable flame is established, the air register(s) or damp-
er(s) shall be adjusted slowly to its operating position, mak-
ing certain that ignition is not lost in the process.

The load for the operating pulverizer shall be at a level that
prevents its load from being reduced below operating lim-
its when an additional pulverizer is placed in operation.

If an operating pulverizer does not have all its burners in
service, the idle burners shall not be restarted. Instead,
another pulverizer with all burners in service shall be
started, and the pulverizer with idle burners shall be shut

down and emptied. In accordance with 6.8.5.5.6, idle
burners shall be permitted to be started on the first pul-
verizer without shutting it down if precautions are taken
to prevent all the following conditions:

(a) Accumulation of coal in idle burner lines

(b) Hot burner nozzles and diffusers that have the poten-
tial to cause coking and fires when coal is introduced

(c) Excessive disturbance of the air-fuel ratio of the op-
erating burners

(17)*The procedures of 6.8.5.2.1.3(B)(6) through
6.8.5.2.1.3(B) (16) shall be followed for placing an ad-
ditional pulverizer into service. When fuel is being ad-
mitted to the furnace, igniters shall not be placed into
service for any burner without proof that there is a
stable fire in the furnace.

(18) *Igniters shall be permitted to be shut off after exceeding a
predetermined minimum main fuel input that has been
determined in accordance with 6.8.3.3.2. Verification shall
be made that the stable flame continues on the main burn-
ers after the igniters are removed from service.

(19) The on-line metering combustion control (unless de-
signed specifically for start-up procedures) shall not be
placed into service until the following have occurred:

(a) A predetermined minimum main fuel input has
been attained.

(b) All registers on nonoperating burners are closed, un-
less compensation is provided by the control system.

(c) The burner fuel and airflow are adjusted as necessary.

(d) Stable flame and specified furnace conditions have
been established.

(20) Additional pulverizers shall be placed into service as
needed by the boiler load in accordance with the proce-
dures of 6.8.5.2.1.3(B) (6) through 6.8.5.2.1.3(B) (16).

(21) On units with an overfire air system, the overfire air con-
trol damper positions shall be permitted to be changed
only when repositioning of all burner air registers or
burner air dampers is permitted.

(22) On units with an overfire air system, the boiler shall be
operating in a stable manner before the overfire air is
introduced. The introduction of the overfire air shall
not adversely affect boiler operation.

(23) On units with an overfire air system and a reburn system,
the overfire air shall be placed in operation before the
reburn fuel sequence is started.

(24) Areburn system shall be placed in service only after the
boiler is operating at such a load as to ensure that the
introduction of the reburn fuel will not adversely affect
continued boiler operation. The required reburn zone
temperatures shall be maintained in accordance with
6.8.3.5.2. The boiler shall be operating in a stable man-
ner before the reburn start-up sequence is initiated.

6.8.5.2.2 Normal Operation.
6.8.5.2.2.1 Firing Rate.

(A) The firing rate shall be regulated by increasing or de-
creasing the fuel and air supply simultaneously to all operat-
ing burners, maintaining the air-fuel ratio within predeter-
mined operating limits continuously at all firing rates.

(B) This procedure shall not eliminate requirements for air
lead and lag during changes in the fuel firing rate.

6.8.5.2.2.2 The reburn injection rate shall be regulated
within the design limits of the reburn equipment.
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(A) Airflow lead and lag shall be used during changes in the

reburn fuel injection rate.

(B) Reburn safety shutoff valves shall be fully open or com-
pletely closed. Intermediate settings shall not be used.

6.8.5.2.2.3 The firing rate shall not be regulated by varying
the fuel to individual burners by means of the individual
burner safety shutoff valve (s).

6.8.5.2.2.4 Air registers shall be set at the firing positions as
determined by tests except in systems provided with metering
of air and fuel to each burner and designed specifically for
individual burner modulating control.

6.8.5.2.2.5 The burner fuel and airflow shall be maintained
within a range between the maximum and minimum limits as
determined by trial or, if trial results do not exist, as specified
by the combustion equipment manufacturer(s).

(A) These trials shall test for minimum and maximum limits
and stable flame under the following conditions:

(1) With all coal burners in service and combustion control
on automatic

(2) With different combinations of coal burners in service
and combustion control on automatic

(3) With different combinations of gas, oil, and coal burners
in service and combustion controls on automatic

(4) With minimum and maximum reburn flow rates

(5) With each reburn fuel injection pattern

(6) With overfire air operation at its minimum and maximum
limits

(B) Where changes occur to any of the maximum and mini-
mum limits because of equipment modifications, operating
practices, or fuel conditions, retesting shall be required.

6.8.5.2.2.6 If lower minimum loads are required, the pulver-
izer(s) and associated burners shall be removed from service,
and the remaining pulverizers shall be operated at a fuel rate
above the minimum rate needed for stable operation of the
connected burners.

(A) The minimum fuel rate shall be determined by tests
with various combinations of burners in service and with
various amounts of excess air and shall reflect the most re-
strictive condition.

(B) These tests also shall ensure that the transient stability
factors described in 6.8.3.3.2 are taken into account.

6.8.5.2.2.7 The ignition system shall be tested for stable op-
eration at the various conditions described in 6.8.5.2.2.5.

6.8.5.2.2.8 Loss of Individual Burner Flame.

(A) On loss of an individual burner flame, the flow of fuel to
all burners of the pulverizer subsystem shall be stopped unless
furnace configuration and tests have determined that one of
the three automatic tripping philosophies described in
6.8.4.4.3 is applicable.

(B) Registers of shutdown burners shall be closed if interfer-
ence with the air-fuel ratio at other burner flame envelopes
occurs.

(C) Hazards in these types of situations shall be reduced by
following the requirements in 6.8.5.3 and Chapter 9, which
contain procedures for clearing pulverizers tripped while full
of coal.
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6.8.5.2.2.9 Total airflow shall not be reduced below the purge
rate.

6.8.5.2.3 Normal Shutdown. The requirements in 6.8.5.2.3
shall apply to the removal of coal from service as the only main
burner fuel being fired, and the requirements in 6.8.5.2.7
shall apply to the removal of coal from service with other fuel
remaining in service.

(A) When the unit is taken out of service, the boiler load shall
be reduced to that necessitating a purge rate airflow using the
procedures outlined in 6.8.5.2.3(B) through 6.8.5.2.3(D)
while maintaining operation within the tested limits deter-
mined in 6.8.5.2.2.5.

(B) Prior to removing coal from service and prior to loss of
reburn permissives, reburn fuel shall be shut down as defined
in 6.6.5.2.9, 6.7.5.10, or 6.8.5.2.9.

(C) Apulverized fuel system shall be shut down in the follow-
ing sequence:

(1) The fuel input, airflow, and register positions of the pul-
verizer shall be adjusted to values established for start-up.

(2) Igniters shall be placed into service at these burners,
when required to maintain flame stability.

(3) The hot primary air shall be shut off and the cold primary
air shall be opened to cool down the pulverizer in accor-
dance with Chapter 9.

(4) The feeder shall be stopped in accordance with the manu-
facturer’s recommendations. Operation of the pulverizer
shall be continued with a predetermined airflow pre-
scribed in an established operating procedure that has
been proven to be sufficient to empty out the pulverizer
and associated burner lines.

(5) The inerting medium shall be introduced into the pulver-
izer as dictated by the coal characteristics.

(6) The pulverizer subsystem shall be shut down when burner
fires are out and the pulverizer is empty and cool.

(7) All individual burner line shutoff valves shall be closed un-
less otherwise directed by the manufacturer’s instructions.

(8) Igniters shall be removed from service.

(D) As the fuel is reduced, the following procedures shall be
performed:

(1) The remaining pulverizers shall be shut down consecutively
following the procedures of 6.8.5.2.3(C)(1) through
6.8.5.2.3(C)(8).

(2) In cases where the next pulverizer being removed has the
potential to result in flame instability, igniters shall be
placed into service on burners that are still being fired.

(E) When all pulverizers, igniters, and the reburn system
have been removed from service, the purge rate airflow shall
be verified, and a unit purge shall be performed.

(F) After completion of the unit purge, closing the burner air
registers and shutting down the forced draft fans and induced
draft fans shall be permitted to be optional; however, main-
taining airflow through the unit to prevent accumulation of
combustible gases is a prudent procedural step due to the po-
tential of fuel leak-by.

(G) Leakage of main or igniter fuels into the unit shall be
prevented.
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6.8.5.2.4 Normal Hot Restart.

6.8.5.2.4.1 When restarting a hot unit, the requirements of
6.8.5.2.1.1(6) through 6.8.5.2.1.1(11) for a cold start shall be

met.

6.8.5.2.4.2 The starting sequence in 6.8.5.2.1.3(B)(1)
through 6.8.5.2.1.3(B) (17) shall be followed.

6.8.5.2.5 Emergency Shutdown — Master Fuel Trip.

6.8.5.2.5.1 An emergency shutdown shall initiate a master
fuel trip.

6.8.5.2.5.2 Mandatory Automatic Master Fuel Trips.

(A) Interlocks shall be installed in accordance with 6.4.2 and
6.5.4.

(B) A master fuel trip shall result from any of the following
conditions:

(1) Loss of either all forced draft fans or all induced draft fans

(2) Total airflow decrease below the purge rate by 5 percent
of design full load airflow

(3) Furnace pressure in excess of the prescribed operating
pressure by a value recommended by the manufacturer

(4) All fuel inputs shut off in accordance with Table
6.4.2.3.1(a), block 9 (See 6.4.2.3.9 for a list of the required
interlocks and trips for individual pulverizer subsystems.)

(5) Loss of all flame

(6) Partial loss of flame predetermined to be likely to intro-
duce a hazardous accumulation of unburned fuel in ac-
cordance with Table 6.4.2.3.1(a), block 8

6.8.5.2.5.3 Mandatory Master Fuel Trips with Alarms — Not
Necessarily Automatically Initiated. A master fuel trip shall re-
sult from any of the following conditions:

(1) Failure of the first pulverizer subsystem to operate
successfully under the conditions specified in
6.8.5.2.1.3(B) (12) and Table 6.4.2.3.1(a), block 12d

(2) Loss of energy supply for combustion control, burner
control, or interlock systems

(8) Furnace negative pressure in excess of the value specified
by the manufacturer [See 6.4.2.3.6(E).]

6.8.5.2.5.4 A master fuel trip that results from any of the
emergency conditions tabulated in 6.8.5.2.5.2 and
6.8.5.2.5.3 shall stop all coal flow to the furnace from all
pulverizer subsystems by tripping the burner and reburn
safety shutoff valves or other devices designed for emer-
gency shutoff of all coal flow.

(A) The igniter safety shutoff valve, individual igniter safety
shutoff valves, primary air fans or exhausters, recirculating
fans, coal feeders, and pulverizers shall be tripped, and the
igniter sparks shall be de-energized.

(B) If a furnace inerting system is installed, the inerting sys-
tem shall be operated simultaneously with the master fuel trip.

(C) Master fuel trips shall operate in a manner to stop all fuel
flow into the furnace within a period that does not allow a
dangerous accumulation of fuel in the furnace.

(D) A master fuel trip shall not initiate a forced draft or in-
duced draft fan trip.

(E) Electrostatic precipitators, fired reheaters, or other igni-
tion sources shall be tripped.

6.8.5.2.5.5* Purging After an Emergency Shutdown with Draft
Fans in Service.

(A) Fans that are operating after the master fuel trip shall be
continued in service.

(B) The airflow shall not be increased by deliberate manual
or automatic control action.

(C) Purge Rate Airflow.

(1) If the airflow is above the purge rate, it shall be permitted
to be decreased gradually to the purge rate for a unit
purge.

(2) If the airflow is below the purge rate at the time of the
trip, it shall be continued at the existing rate for 5 minutes
and then increased gradually to the purge rate airflow
and held at this value for a unit purge.

(D) Overfire Air.

(1) During a master fuel trip event, the overfire air system
shall remain at the same setting as when the event oc-
curred for such time as the main combustion airflow is
held.

(2) Following this hold period, the overfire air shall be per-
mitted to be gradually adjusted to overfire air purge set-
tings or cooling flows, either manually or automatically.

6.8.5.2.5.6 Purging After an Emergency Shutdown with Loss
of Draft Fans.

(A) Where the emergency trip was caused by loss of draft fans,
or draft fans also have tripped, all dampers in the air and flue
gas passages of the unit shall be opened slowly to the fully
open position to create as much natural draft as possible to
ventilate the unit.

(B) Opening fan dampers shall be timed or controlled to
ensure that positive or negative furnace pressure transients
beyond design limits do not occur during fan coastdown.

(C) This condition shall be maintained for at least 15 minutes.

(D) At the end of this period, the fan(s) shall be started in
accordance with Section 6.5.

(E) The airflow shall be increased gradually to the purge rate,
and a unit purge shall be completed.

6.8.5.2.5.7 Action following the purge after an emergency
shutdown shall be in accordance with either of the following
(see 6.8.5.2.5.5 and 6.8.5.2.5.6):

(1) The wunit shall be shut down in accordance with
6.8.5.2.3(F) and 6.8.5.2.3(G).

(2) If a unit purge was successfully completed following an
emergency shutdown and the conditions of 6.8.5.2.1.1(6)
through 6.8.5.2.1.1(11) and 6.8.5.2.1.3(B) (4) through
6.8.5.2.1.3(B)(6) are satisfied, a relight in accordance
with 6.8.5.2.1.3(B) (7) through 6.8.5.2.1.3(B) (20) shall be
permitted.

6.8.5.2.5.8 Ifitisimpossible to restart for an extended time, a
flow of air through the unit shall be maintained to prevent
accumulations of combustible gases.

6.8.5.2.6 Starting Sequence — Second Fuel.

6.8.5.2.6.1 When coal is started as a second fuel, the require-
ments of 6.8.5.2.1.1(8) through 6.8.5.2.1.1(11) shall be satis-
fied, and the total heat input shall be limited as described in
6.8.5.5.11.
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6.8.5.2.6.2 The starting sequence of the first fuel (gas or oil)
shall be complete.

6.8.5.2.6.3 The starting sequence of second fuel (coal) shall
be performed in the starting sequence in 6.8.5.2.1.3(B) (5)
through 6.8.5.2.1.3(B) (20).

Exception: For sequence 6.8.5.2.1.3(B)(12), where coal is the second
Juel to be placed in service, a coal fuel trip shall be initiated on failure
to ignite or loss of ignition on burners served by the first pulverizer
placed in operation. A master fuel trip shall not be required.

6.8.5.2.7 Shutdown Sequence — Second Fuel.
6.8.5.2.7.1 The requirements in 6.8.5.2.7 shall apply to the

removal of coal from service with other main burner fuel re-
maining in service, and the requirements in 6.8.5.2.3 shall ap-
ply to the removal of coal from service as the only main burner
fuel being fired.

6.8.5.2.7.2 When shutting off coal with gas or oil remaining
in service, a sequential shutdown of coal shall be accom-
plished in accordance with 6.8.5.2.3(B) through 6.8.5.2.3(D).

6.8.5.2.8 Reburn System Start.

6.8.5.2.8.1 The reburn system shall not be started until the
requirements of 6.8.3.5.2 have been met and shall follow the
prerequisites of 6.8.5.2.1.3(B) (23) and 6.8.5.2.1.3(B) (24).

6.8.5.2.8.2% The furnace temperature characteristics as a
function of heat input, steam flow, or other reliable control
signal shall be utilized as a permissive to initiate the reburn
fuel injection.

6.8.5.2.8.3 The reburn fuel preparation and transport equip-
ment shall be started in accordance with 9.5.2 for directfired
systems or 9.5.3 for storage systems, and all system purging or
warm-up shall be completed before any reburn fuel feeders
are started.

6.8.5.2.8.4 If the reburn system admits reburn fuel through
burners, then the starting sequence shall also follow that speci-
fied for burners in 6.8.5.2.1.3(B) (6) through 6.8.5.2.1.3(B) (14).

6.8.5.2.8.5 If the reburn system admits fuel by means other
than through burners, then the starting sequence shall:

(1) Include all reburn operation permissives required by this
chapter

(2) Follow the procedure specified by the manufacturer of
the reburn system

6.8.5.2.9 Shutdown Sequence — Reburn Fuel.

6.8.5.2.9.1 If the reburn system admits reburn fuel through
burners, the shutdown sequence shall follow that specified for
burners in 6.8.5.2.3.

6.8.5.2.9.2 If the reburn system admits reburn fuel by means
other than through burners, the shutdown sequence for dedi-
cated and direct-fired pulverizers shall be as follows:

(1) Transfer combustion controls from automatic to manual
control unless controls are designed and tuned to bring
the system down to shutdown conditions.

(2) Reduce the reburn fuel flow to minimum.

(3) Shut down the reburn fuel supply system in accordance
with Chapter 9.

(4) Close individual reburn shutoff valves.
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6.8.5.3 Hazards of Residual Coal Charges in Pulverizers and
Clearing After Shutdown.

6.8.5.3.1* The start-up procedure in Chapter 9 shall be fol-
lowed unless it is positively known that the pulverizer is not
charged with coal.

6.8.5.3.2 If the boiler is to be restarted and brought up to
load without delay, the pulverizers with a charge and their
feeders shall be started in sequence as dictated by the load in
accordance with the procedure described in Chapter 9.

6.8.5.3.3 If a delay in load demand is expected or undeter-
mined but boiler conditions, including completion of purge,
allow firing, the pulverizers shall be started and cleared in
sequence in accordance with Chapter 9.

6.8.5.3.3.1 If during this sequence it becomes possible to fire
at a rate greater than the capacity of one pulverizer operating
within its range of operation for stable flame, one of the pul-
verizers and its feeder shall be placed into service to help burn
the coal being injected from the remaining pulverizers that
are being cleared.

6.8.5.3.4 The inerting procedure shall be prescribed by the
pulverizer equipment manufacturer in accordance with

9.5.4.2.1.

6.8.5.3.5 If firing is not to be initiated for an extended time,
the pulverizer shall be cleaned manually or mechanically after
having been cooled to ambient temperature and inerted be-
fore opening.

(A) To avoid the danger of an explosion when opening and
cleaning any pulverizer, caution shall be used.

(B) The requirements in Chapter 9 shall be followed.

6.8.5.4 Emergency Conditions Not Requiring Shutdown or
Trip.

6.8.5.4.1 In the event of a loss of a fan or fans for unit instal-
lations with multiple induced draft fans, forced draft fans, or
both, the control system shall be capable of reducing the fuel
flow to match the remaining airflow; otherwise, tripping of the
unit shall be mandatory.

6.8.5.4.2% If an air deficiency develops while flame is main-
tained at the burners, the fuel shall be reduced until the air-
fuel ratio has been restored within predetermined acceptable
limits; if fuel flow cannot be reduced, the airflow shall be in-
creased slowly until the airfuel ratio has been restored to
within those limits.

6.8.5.4.3* Where raw coal hangs up ahead of the feeder or
where wet coal or changing coal quality is encountered, the
igniters shall be placed into service on all operating burners.

(A) If the malfunction is corrected or required ignition en-
ergy is resupplied before the burner flame is lost, the pulver-
izer subsystem shall be permitted to operate, provided there is
a stable flame. (See 6.8.4.4, which describes loss of flame trip require-
ments. )

(B) If the flame becomes unstable or is extinguished, the
burner and subsystem shall be shut down.

(C) Start-up conditions shall be established before coal feed
is restored.
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6.8.5.5 General Operating Requirements — All Conditions.

6.8.5.5.1 Prior to starting a unit, action shall be taken to pre-
vent fuel from entering the furnace.

6.8.5.5.2 Aunit purge shall be completed prior to the starting
of a fire in the furnace.

6.8.5.5.3 Purge rate shall be not less than 25 percent nor
more than 40 percent of the design full load mass airflow.

6.8.5.5.4 The igniter for the burner shall always be used.

6.8.5.5.5 Burners shall not be lighted using a previously
lighted burner or from the hot refractory.

6.8.5.5.6* Where the boiler is operating at low capacity, a re-
duced number of pulverizers shall be operated.

6.8.5.5.7 Sootblowers.

(A) Sootblowers shall be operated only where heat input to
the furnace is at a rate high enough to prevent a flameout
during the sootblower operation.

(B) Sootblowers shall not be operated at low load and high
excess air conditions.

(C) The requirements of 6.8.5.5.7(A) and 6.8.5.5.7(B) shall not
preclude the use of wall sootblowers, and high-temperature su-
perheater and reheater sootblowers shall be permitted for clean-
ing during periods of unit outage if a unit purge has been com-
pleted and purge rate airflow is maintained.

(D) The use of air heater sootblowers during start-up shall be
permitted

6.8.5.5.8 When pulverizer or burner line maintenance is be-
ing performed with the boiler in service, positive means to
isolate the pulverizer or burner line from the furnace shall be
used.

6.8.5.5.9 Where the pulverizer and burner piping are being
cleared into a furnace, the procedures of 6.8.5.3 shall apply.

6.8.5.5.10 The procedures of Chapter 9 shall apply where
dealing with pulverizer equipment fires.

6.8.5.5.11 Total Heat Input.

(A) The total heatinputin a burner or furnace zone, or both,
shall not exceed the maximum limits specified for the equip-
ment by the manufacturer.

(B) The total heat inputs of multiple fuels shall be accounted
for where a burner or furnace zone, or both, simultaneously
fires more than one fuel.

6.9% Selective Catalytic Reduction (SCR) Systems with Bypass
Capability.

6.9.1 The SCR isolation and bypass dampers shall be in-
cluded in the open flow path verification associated with the
boiler draft system.

6.9.2*% When an SCR with bypass is not required to be in ser-
vice for environmental control purposes and is isolated from
an operating boiler system, removable spool pieces or other
approved isolation means shall be provided in the piping de-
sign and used to prevent ammonia or other combustible ma-
terials, including duct burner fuel supply, where used, from
accumulating in the isolated SCR.

6.9.3* Means shall be provided to seal the isolated SCR enclo-
sure from flue gas entry while the boiler is operating.

6.9.4*% Operational tie-in of the SCR into the flue gas path

while the boiler is being fired shall require the provisions in
6.9.4(A) through 6.9.4(D).

(A) Apostoperational purge of the SCR enclosure to remove
any combustible materials shall have been performed after
verification of the shutoff of the flow of ammonia and any
other combustible materials into the SCR enclosure.

(B) The postoperational purge of the SCR enclosure shall be
for at least 5 minutes or five volume changes, whichever is
greater, with a boiler airflow of at least 25 percent of the full
load mass airflow or with an equivalent flue gas flow.

(C) The shutoff of ammonia and any other combustible ma-
terials required in 6.9.4(A) shall have been continuously veri-
fied while the SCR system is isolated.

(D) Sealing of the isolated SCR enclosure using the means
required in 6.9.3 shall have been maintained while the boiler
is operating with the SCR system isolated.

6.9.5 An SCR system not meeting all the requirements in
6.9.4 shall require the boiler to be shut down and a unit purge
performed with the SCR system in the airflow path prior to
restarting the boiler and putting the SCR system in operation.

Chapter 7 Atmospheric Fluidized-Bed Boilers

7.1 Application.

7.1.1 This chapter shall be used in conjunction with Chapter 1
through Chapter 4 and requires the coordination of operation
procedures, control systems, interlocks, and structural design.
Where conflicts exist, the requirements of Chapter 7 shall apply.

7.1.2 Differences between fluidized-bed combustion and
other combustion technologies, covered elsewhere in this
code, means that material contained in this chapter shall not
be construed to apply to these other technologies. However,
Chapter 1 through Chapter 4 of this code shall apply to atmo-
spheric fluidized-bed combustion.

7.2 Purpose. The purpose of this chapter is to establish mini-
mum standards for the design, installation, operation, and
maintenance of atmospheric fluidized-bed boilers, associated
fuel-burning systems, and related systems to contribute to safe
operation and, in particular, to the prevention of furnace ex-
plosions and pressure excursions.

7.3 General.

7.3.1* Combustion Explosions. To prevent explosions in
fluidized-bed systems, the following conditions shall be avoided:

(1) An interruption of the fuel or air supply or ignition en-
ergy to warm-up burners, sufficient to result in causing
momentary loss of flames, followed by restoration and de-
layed reignition of accumulated combustibles

(2) The accumulation of an explosive mixture of fuel and air
as a result of the main fuel entering a bed whose tempera-
ture is below the ignition temperature for the main fuel
and the ignition of the accumulation by a spark or other
source of ignition

(3) Insufficient air to all or some bed compartments, causing
incomplete combustion and accumulation of combus-
tible material

(4) An accumulation of fuel in an idle fluidized bed that is
still hot, leading to the distillation of combustible vapors
followed by delayed ignition when the bed is fluidized as
in a purge sequence
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7.3.2* Furnace Implosions.
7.3.3 Fluidized-Bed Combustion — Special Problems.
7.3.3.1 Heating the Bed.

(A) The bed material shall be heated to a temperature above
the auto-ignition temperature of the main fuel prior to admit-
ting the main fuel to the bed.

(B) Warm-up burners shall be sized to permit warming the
bed without the need to use fuel lances.

7.3.3.2* Char Carryover. Because char carryover is a character-
istic of fluidized-bed combustion, the system design shall in-
clude provisions to minimize char accumulations in the flue
gas ductwork and dust collection equipment.

7.3.3.3 Coal Firing. In addition to the common hazards in-
volved in the combustion of solid, liquid, and gaseous fuels, the
following shall be considered in the design of coal-firing systems:

(1) Coal requires considerable processing in several indepen-
dent subsystems operating in harmony. Failure to process
the fuel properly in each subsystem increases the poten-
tial explosion hazard.

(2) Methane gas released from freshly crushed coal can accu-
mulate in enclosed spaces.

(3) Raw coal can cause the following problems:

(a) Raw coal delivered to the plant can contain foreign
substances (e.g., scrap iron, wood shoring, rags, ex-
celsior, rock) that can interrupt coal feed, damage or
jam equipment, or become a source of ignition
within the fuel-feeding equipment.

(b) Wet coal can cause a coal hang-up in the raw coal supply
system.

(c¢) Wide variations in the size of raw coal can cause er-
ratic or uncontrolled coal feeding or combustion.

7.3.3.4 Solid Fuels.

(A) Explosions or fires can result from the backflow of hot
flue gas or bed material into the fuel-feeding equipment;
therefore, provisions shall be made in the design to prevent
backflow of hot gases.

(B) The following cautions shall be exercised where inter-
preting the meter indication for combustibles:

(1) Most meters and associated sampling systems measure
only gaseous combustibles.

(2) The lack of a meter indication of combustibles shall not
be proof that unburned coal particles or other combus-
tibles are not present.

(C) The following variations in the analysis and characteris-
tics of solid fuels shall be considered in system design:

(1) Changes in the percentage of volatile matter and mois-
ture affect the ignition characteristics of the fuel and will
affect the minimum required bed temperature prior to
admission of fuel into the bed.

(2) The amount of fines in the fuel also affects its ignition and
burning characteristics.

7.3.3.5 Waste Fuel Firing. Common hazards involved in the
combustion of waste fuels shall be recognized as follows:

(1) The considerations described in 7.3.3.3 also apply to waste
fuels.
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(2) Many waste fuels contain volatile solvents or liquids;
therefore, precautions shall be taken in the design of the
fuel-handling and storage system.

(3)*Waste fuels are more variable in analysis and burning
characteristics than conventional fuels; therefore, an
evaluation of special fuel-handling and burning safe-
guards shall be carried out. Operators shall conduct tests
when a new waste fuel is to be used.

7.3.3.6 Bed Ignition Temperature. The minimum bed tem-
perature necessary to allow the admission of fuel into the bed
shall be not less than that required for the highest ignition
temperature for the range of fuels.

7.3.3.7 Hot Bed Material. Hot bed material, removed from
the fluidized-bed combustion system, shall be cooled prior to
disposal.

7.3.3.8* Personnel Hazards.

7.3.3.8.1 Safety precautions for dealing with personnel haz-
ards associated with fluidized bed combustion shall be re-
quired for personnel safety. Hazards considered shall include,
but not be limited to, the following:

(1) Hot solids

(2) Lime

(3) Hydrogen sulfide
(4) Calcium sulfide

7.3.3.8.2 Procedures shall be provided to ensure that, before
personnel enter the furnace or connected space, hot solids
are not present and that hot solids in a connected space can-
not flow into the space to be occupied.

(A) The procedure shall include inspections that start from
the upper elevations of the hot cyclone(s) and other equip-
ment and proceed to each space or chute below.

(B)* The absence of accumulated solids shall be confirmed.

7.3.3.9 Additional Special Problems in Fluidized-Bed Com-
bustion Systems. The following additional problems shall be
addressed by system designers and operators:

(1)*Thermal inertia of the bed, causing steam generation to
continue after fuel trip

(2) Requirements for continuity of the feed water supply for
extended periods following a fuel trip or the loss of all
power supply to the plant

(3) Potential for unintended accumulations of unburned fuel
in the bed

(4) Potential for generation of explosive gases if the air sup-
ply to a bed is terminated before the fuel in the bed is
burned out

(5) Potential risk of explosion when the air supply is re-
established to a hot bed

(6) Bed solidification as a result of a tube leak or agglomeration

(7) Structural load requirements for abnormal accumulations
of ash or bed material in the boiler furnace enclosure and
the solids return path

(8)*Structural or fire hazards associated with backsifting of
bed material

7.4 Equipment Requirements.
7.4.1 Structural Design.
7.4.1.1 Boiler Enclosure. (See also 4.6.1.)
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7.4.1.1.1* The boiler enclosure shall be capable of withstand-
ing a transient pressure without permanent deformation due
to yield or buckling of any support member.

7.4.1.1.2 The minimum design pressure (see 7.5.1)shall meet
both of the following:

(1) Whichever is greater, 1.67 times the predicted operating
pressure of the component or +8.7 kPa (+35 in. w.g.), but
shall not be in excess of the maximum head capability of
the air supply fan at ambient temperature

(2)*The maximum head capability of the induced draft fan at
ambient temperature, but not more negative than —8.7 kPa
(=35in. w.g.)

7.4.1.2 Solid Material Feed Systems.

7.4.1.2.1 All components of the solid material feed system
shall be designed to withstand, in addition to loads caused by
the solid fuel, an internal gauge pressure without permanent
deformation due to yield or buckling of any component.

(A) The minimum internal gauge pressure shall be the greater
of the following:

(1) 1.67 times the predicted operating pressure of the com-
ponent
(2) +8.7kPa (+35 in. w.g.)

(B) The pressure defined in 7.4.1.2.1(A) (1) shall not be re-
quired to be in excess of the maximum head capability of the
pressure source under worst-case operating conditions.

7.4.1.2.2 Equipmentdesign strength shall incorporate the com-
bined stresses from mechanical loading, operationally induced
loading, and internal design pressures plus an allowance for
wear, which shall be determined by agreement between the
manufacturer and the purchaser.

7.4.1.2.3 The components falling within the requirements of
7.4.1.2.1 shall begin at a point that is 0.61 m (2 ft) above the
inlet of the solid material feeder.

(A) The components shall end at the discharge of the solid
material feed system; at the seal air connection, if provided;
and at the connection of any other air or flue gas source.

(B) These components shall include, but are not limited to,
the following:

(1) Solid material feeding devices, discharge hoppers, and
feed pipes to the feed system

(2) All parts of the solid material feed system that are re-
quired for containment of internal pressure

(3) Connecting piping from the feeder

(4) Foreign material-collecting hoppers that are connected
to the feed system

(5) All valves in the fuel feed lines

(C) The following components shall not be included in the
requirements of 7.4.1.2.1:

(1) Raw fuel bunker
(2) Mechanical components, such as seals, gear, bearings,
shafts, drives, and so forth

7.4.2 Fuel-Burning System.
7.4.2.1 System Requirements.

7.4.2.1.1 The fuel-burning system shall provide appropriate
openings and configurations in the component assemblies to
allow observation, measurement, and control of the combus-
tion process for start-up, operation, and shutdown.

7.4.2.1.2 The fuel-burning system shall consist of the boiler
enclosure and the following subsystems: air supply; coal,
other solid fuel supply, or both; crushers (where utilized);
bed feeds; liquid or gaseous fuel lances; burners; ash re-
moval; ash re-injection; combustion products removal; and
ignition subsystems.

7.4.2.1.3 FEach subsystem shall be sized and interconnected
to satisfy the requirements in 7.4.2.1.3.1 through 7.4.2.1.3.7.

7.4.2.1.3.1 Boiler Enclosure.

(A) The boiler enclosure shall be sized and arranged so that
stable bed operations and stable combustion are maintained.

(B) Where prescribed purge procedures are followed, the
boiler enclosure shall be free of dead pockets.

(C) Observation ports shall be provided to allow inspection
of the duct and warm-up burners.

(D) Means shall be provided for monitoring of conditions at
the bed and its ignition zone.

(E) Accessibility for maintenance shall be provided.
7.4.2.1.3.2 Air Supply Subsystem. (See 4.6.2.3.2.2.)

(A) The air supply equipment shall be sized and arranged to
ensure a continuous airflow, sufficient for complete combustion
of all fuel input, across all operating conditions of the unit.

(B) The arrangement of air inlets, ductwork, and air preheat-
ers shall minimize contamination of the air supply by materi-
als such as flue gas, water, fuel, and bed material. Appropriate
drain and access openings shall be provided.

7.4.2.1.3.3* Solid Fuel Supply.

(A) The solid fuel supply subsystem shall be designed to ensure
a steady fuel flow for all operating requirements of the unit.

(B) The solid fuel unloading, storage, transfer, and prepara-
tion facilities shall be designed and arranged to size the fuel,
remove foreign material, and minimize interruption of the
fuel supply to the feeders by the following means:

(1) The design shall include the installation of breakers, clean-
ing screens, and magnetic separators where necessary.

(2) Means for detection of flow interruption and correction
shall be provided to ensure a steady flow to the boiler.

(C) Solid fuel feeders shall be designed with a capacity range
to allow for variations in size, quality, and moisture content of
the fuel, as specified by the purchaser, by the following means:

(1) Fuel piping to and from feeders shall be designed for free
flow within the design range of solid fuel size, quality, and
moisture content.

(2) Means shall be provided for proving solid fuel flow.

(3) Means shall be provided for clearing obstructions.

(D) Abed feed that operates at a lower pressure than the boiler
enclosure to which it is connected shall have a lock hopper or
other means to prevent backflow of combustion products.

(E) If transport air is required, means shall be provided to
ensure a supply that continuously transports the required fuel
input.
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7.4.2.1.3.4 Crusher Subsystem (Where Utilized in the Fuel
Feed System).

(A) Fuel-crushing equipment shall produce fuel sizing over a
specified range of fuel analyses and characteristics by the fol-
lowing means:

(1) The crushing system shall be designed to minimize the
possibility of fires starting in the system.

(2) Means shall be provided to extinguish fires. (For further
information, see Chapter 9.)

(B) The transport system shall be sized and arranged to trans-
port the material throughout the crusher’s operating range.

7.4.2.1.3.5 Solids Removal Subsystems.

(A) The bed drain subsystem and flue gas—cleaning sub-
system shall be sized and arranged to remove the bed material,
fly ash, and spent sorbent at a rate that is at least equal to the
rate at which they are generated by the fuel-burning process
during unit operation.

(B) Convenient access and drain openings shall be provided.

(C) The removal equipment handling hot ash from the
boiler shall be designed to provide material cooling when re-
quired before material is discharged into ash-handling and
storage equipment. When cooling is required, safety inter-
locks equipped with a device to monitor cooling medium flow
and material discharge temperature shall be provided to pre-
vent fires or equipment damage.

7.4.2.1.3.6 Combustion products removal subsystem shall be
in accordance with 4.6.2.3.2.5.

7.4.2.1.3.7 Ignition subsystem shall be in accordance with
4.6.2.3.2.4.

7.4.3 Warm-Up Burners and Lances.
7.4.3.1 Fuel Supply Subsystem — Gas.
7.4.3.1.1 Fuel Supply Equipment.

(A) The fuel supply equipment shall be sized and arranged to
ensure a continuous fuel flow for all operating requirements
of the unit.

(B) The operating requirements shall include coordination
of the fuel control valve, burner safety shutoff valves, and asso-
ciated piping volume to prevent fuel pressure transients that
result in exceeding burner limits for stable flame caused by
placing burners in service or taking them out of service.

7.4.3.1.2 Overpressure Protection.

(A) The portion of the fuel supply system located outside the
boiler room shall be arranged to prevent excessive fuel gas
pressure in the fuel-burning system, even in the event of a
failure of the gas supply constant fuel pressure regulator(s).

(B) The design shall be accomplished by a full relieving ca-
pacity vent or a high gas supply pressure trip. (See 7.7.5.3.)

7.4.3.1.3 The fuel supply equipment shall be designed to in-
hibit contamination of the fuel.

(A) Convenient access to important fuel system components
shall be provided.

(B) Drains shall be provided at low points in the piping.
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7.4.3.1.4 The fuel supply equipment shall be capable of
continuing fuel flow at the set point (demand) rate during
anticipated furnace pressure pulsations.

7.4.3.1.5 External Hazards.

(A) The fuel supply equipment shall be designed to minimize
system exposure to severe external conditions such as fire, ash
spills, or mechanical damage.

(B) Piping routes and valve locations shall minimize exposure
to explosion hazard or high temperature sources.

7.4.3.1.6 As much of the fuel subsystem as is practicable shall
be located outside the boiler house.

7.4.3.1.7 A manual emergency shutoff valve that is accessible
in the event of fire in the boiler area shall be provided.

7.4.3.1.8 Safety Shutoff Valve for Burner or Lance.

7.4.3.1.8.1 For each burner or lance, the minimum require-
ment shall be two safety shutoff valves with an intermediate vent
valve (double block and vent) or equivalent valve arrangement.

7.4.3.1.8.2 For units with multiple burners or lances, a
header safety shutoff valve and provisions to automatically
vent the piping volume between the header safety shutoff
valve and any individual burner or lance safety shutoff valves
shall also be provided.

7.4.3.1.8.3 Multiple burners or lances supplied from a com-
mon set of safety shutoff valves shall be treated as a single
(individual) burner or lance. [See 7.4.3.7.2.2, 7.7.5.2.1.2(0),
and 7.8.5.2.1.2(P).]

7.4.3.1.9 Proof of closure shall be provided for all safety shut-
off and supervisory shutoff valves and for all vent valves.

7.4.3.1.10 Safety Shutoff Valves for Igniters. For each igniter,
the minimum requirement shall be two safety shutoff valves with
an intermediate vent valve or equivalent valve arrangement.

(A) For units with multiple burners, a common igniter fuel
gas header safety shutoff valve and provisions to automatically
vent the piping volume between the header safety shutoff
valve and any igniter safety shutoff valves shall be provided.

(B) The header safety shutoff valve and intermediate vent
valve shall be dedicated to the igniter subsystem.

(C) Proof of closure in accordance with 7.4.3.1.9 shall be pro-
vided for all individual igniter safety shutoff valves where indi-
vidual igniter capacity exceeds 1.5 MW, (5 million Btu/hr).

(D) Multiple igniters supplied from a common set of safety
shutoff valves shall be treated as a single (individual) igniter.
[See 7.7.5.2.1.2(N) and 7.8.5.2.1.2(0).]

7.4.3.1.11 Leak Testing.

(A) Provisions shall be made in the gas piping to allow testing
for leakage and subsequent repair.

(B) Provisions shall include a permanent means for making
accurate tightness tests of the header safety shutoff valves and
individual safety shutoff valves.

7.4.3.1.12 Shutoff valves shall be located as close as practicable
to the igniters, burners, or lances to minimize the volume of fuel
downstream of the valve.

7.4.3.1.13 Gas piping materials and system design shall be in
accordance with ASME B31.1, Power Piping.
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7.4.3.1.14 Before maintenance is performed on any gas pip-
ing, the piping shall be isolated and purged in accordance
with the requirements of NFPA 54, National Fuel Gas Code.

7.4.3.2 Fuel Supply Subsystem — Fuel Oil.
7.4.3.2.1 Fuel Supply Equipment.

(A) The fuel supply equipment shall be sized and arranged to
ensure a continuous fuel flow for all operating requirements
of the unit.

(B) The design shall include coordination of the fuel control
valve, burner safety shutoff valves, and associated piping vol-
ume to prevent fuel pressure transients that result in exceed-
ing burner limits for stable flame caused by placing burners in
service or taking them out of service.

7.4.3.2.2 Unloading, storage, pumping, heating, and piping
facilities shall be designed and arranged to inhibit contamina-
tion of the fuel.

(A) Where necessary, cleaning devices shall be provided to
ensure clean fuel to valves and burners.

(B) Convenient access to important fuel system components
shall be provided.

(C) Drains shall be provided.

7.4.3.2.3 Fill and recirculation lines to storage tanks shall dis-
charge below the liquid level to prevent free fall.

7.4.3.2.4* Strainers, filters, traps, sumps, and similar compo-
nents shall be provided to remove harmful contaminants
where practicable; materials not removed shall be accommo-
dated by special operating and maintenance procedures.

7.4.3.2.5 The fuel supply equipment shall be designed to
minimize exposure to severe external conditions such as fire,
ash spills, or mechanical damage.

7.4.3.2.6 Piping routes and valve locations shall minimize ex-
posure to explosion hazards or to high temperature or low
temperature sources.

(A) Low temperatures that increase viscosity, inhibit flow, or
precipitate waxy materials shall not be permitted.

(B) High temperatures that cause carbonization or excessive
pressures and leakage due to fluid expansion in “trapped” sec-
tions of the system shall not be permitted.

7.4.3.2.7 As much of the fuel supply subsystem as is practi-
cable shall be located outside the boiler house.

7.4.3.2.8 A manual emergency shutoff valve shall be provided
that is accessible in the event of fire in the boiler area.

7.4.3.2.9 Means shall be provided to prevent or relieve excess
pressure from expansion of entrapped oil in the fuel system.

7.4.3.2.10 Discharge Means.

(A) Relief valve discharge passages, vents, and telltales shall
be provided with piping sized to allow the discharge of oil or
vapors to prevent excessive pressure in the system.

(B) This piping shall be heat traced as required to achieve
the free flow of relieved fluid.

7.4.3.2.11 Safety shutoff valves shall be located as close as
practicable to the igniters, burners, or lances to minimize the
volume of fuel downstream of the valve.

7.4.3.2.12 Oil piping materials and system design shall be in
accordance with NFPA 31, Standard for the Installation of Oil-
Burning Equipment, and ASME B31.1, Power Piping.

7.4.3.2.13 All instruments and control piping and other small
lines containing oil shall be rugged, capable of withstanding the
expected range of external temperatures, protected against dam-
age, and maintained at the fluid temperature range of the speci-
fied fuel oil.

7.4.3.2.14 Positive means to prevent leakage of oil into a fur-
nace or duct shall be provided.

7.4.3.2.15 Leak Testing.

(A) Provisions shall be made in the oil supply system to allow
testing for leakage and subsequent repair.

(B) Provisions shall include permanent means for making
accurate tightness tests of all safety shutoff valves.

7.4.3.2.16 Fuel oil shall be delivered to the burners at the
temperature and pressure as recommended by the burner
manufacturer to ensure complete atomization.

7.4.3.2.17 Heating of oil, if necessary, shall be accomplished

without contamination or coking.
7.4.3.2.18 Recirculation.

(A) Recirculation provisions shall be incorporated for con-
trolling the viscosity of the oil to the burners for initial light-off
and for subsequent operation.

(B) Recirculation systems shall be designed and operated to
prevent excessively hot oil from entering fuel oil pumps,
which causes them to vapor bind and subsequently interrupts
the fuel oil supply.

(C) Positive means shall be provided to prevent fuel oil from
entering the burner header system through recirculating valves,
particularly from the fuel supply system of another boiler.

(D) The positive means required by 7.4.3.2.18(C) shall not
rely on check valves because they have not proven dependable
in heavy oil service.

7.4.3.2.19 Provisions, including an ignition source, shall be
provided for clearing (scavenging) the passages of an atom-
izer that lead into the furnace or duct.

7.4.3.3 Warm-Up Burner Subsystem.
7.4.3.3.1 General.

7.4.3.3.1.1 The warm-up burner subsystem shall function to
supply the heat energy required to bring the bed to the main
fuel ignition temperature.

7.4.3.3.1.2 The warm-up burner shall meet the requirements
of 4.6.2.

7.4.3.3.1.3 Provision shall be made for visual observation of
conditions at the burner ignition zone.

(A) Additional provisions shall be made for flame detection
equipment.

(B) The burner equipment shall be located in an appropriate
environment with convenient access for maintenance.

(C) Special attention shall be given to fire hazards imposed
by leakage or rupture of piping near the burner.

(D) The requirements of good housekeeping shall be practiced.
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7.4.3.3.1.4 Flue Gas Recirculation to Burners. When flue gas
or other inert gases are introduced to the secondary air or
combustion air being supplied to burners, testing shall be
used to demonstrate that the methods and devices used pro-
vide uniform distribution and mixing.

(A) The oxygen content of the mixture being supplied to the
burners shall not be permitted to go below the limit specified
by the burner manufacturer or as proven by tests to provide
stable combustion.

(B) Means shall be provided to monitor either the ratio of
flue gas to air or the oxygen content of the mixture.

7.4.3.3.2 Subsystem Requirements.

7.4.3.3.2.1 Air Supply. A portion of the total air supply neces-
sary for light-off and flame stabilization shall be supplied to
the warm-up burner(s).

7.4.3.3.2.2 Ignition. The ignition subsystem shall be designed
in accordance with 4.6.2.3.2.4.

7.4.3.4 Flame Monitoring and Tripping.

7.4.3.4.1 Functional Requirements. The basic requirements
of any flame monitoring and tripping system shall be as stated
in 7.4.3.4.1.1 through 7.4.3.4.1.6.

7.4.3.4.1.1 The warm-up burners shall meet the require-
ments of 7.4.4.2.

7.4.3.4.1.2 Each burner shall provide enough system resis-
tance or dampening to the fuel and airflow to override antici-
pated furnace pulsations and maintain stable combustion.

7.4.3.4.1.3 Each burner shall be individually supervised, and,
on detection of loss of burner flame, the safety shutoff valve
for the burner experiencing the loss shall automatically close.

7.4.3.4.1.4* Regardless of the number or pattern of flame loss
indications used for tripping, loss of flame indication on an
operating burner or flame envelope shall initiate an alarm to
warn the operator of potential hazard.

7.4.3.4.1.5 Field testing shall be required to validate basic
flame tripping concepts.

(A) These tests shall be performed on representative units.

(B) The results of these tests shall be permitted to be applied
to other units of the same size and arrangement, including
burners and nozzles that are of the same capacity and use the
same fuels.

(C) These tests shall not replace acceptance tests relating to
proof of design, function, and components.

7.4.3.4.1.6 Oilfired warm-up burners, firing into the bed, shall
be permitted to be scavenged immediately after shutdown or trip
if the bed is fluidized and the bed temperature is greater than
760°C (1400°F) or if associated igniters are in service.

7.4.3.4.2 Flame Detection.
7.4.3.4.2.1 Class 1 Igniter.

(A) Where Class 1 igniters are provided, the main burner
flame shall be proven either by the flame scanner or by the
igniter being proven.

(B) At least one flame detector shall be provided for each
burner to detect the burner flame or igniter flame where a
Class 1 igniter is provided.
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7.4.3.4.2.2 Class 2 Igniter. Burners with Class 2 igniters shall
have at least two flame detectors.

(A) One detector shall be positioned to detect the main
burner flame and shall not detect the igniter flame.

(B) The second detector shall be positioned to detect the
igniter flame during prescribed light-off conditions.

7.4.3.4.2.3 Class 3 Igniter. Burners with Class 3 igniters shall
have at least one flame detector.

(A) The detector shall be positioned to detect the igniter flame.

(B) Italso shall detect the main burner flame after the igniter
is removed from service at the completion of the main burner
trial for ignition.

7.4.3.4.2.4 On detection of loss of all flame in the furnace or
partial loss of flame to the extent that hazardous conditions
develop, a master fuel trip shall be automatically initiated.

7.4.3.4.2.5 Nonigniting Fuel.

(A) Any fuel input that does not ignite and burn on a con-
tinuous basis shall be classified as a hazard.

(B) Regardless of the number or pattern of flame loss indica-
tions used for tripping, loss of flame indication on an operat-
ing burner or flame envelope shall initiate an alarm that warns
the operator of a potential hazard.

7.4.3.4.2.6 Flame Tripping Validation.

(A) The flame tripping concept used on the unit shall have
been validated by the boiler manufacturer for the specific fur-
nace configuration being used.

(B) This validation shall not be used to replace unit acceptance
tests relating to proof of design, function, and components.

7.4.3.5 Flame Detection. Flame detection shall be in accor-
dance with 4.6.4.2.

7.4.3.6 Combustion Control System. (See also 4.6.5.)

(A) The combustion control system shall be in accordance
with 7.4.4.4.

(B) Equipment shall be provided and operating procedures
established to ensure a stable flame condition at each burner
and to preclude the possibility of an air-fuel ratio condition
that results in a fuel-rich condition within the furnace.

(C) Provision shall be made for setting minimum and maxi-
mum limits on the warm-up burner fuel and air control sub-
systems to prevent fuel flow and airflow beyond the stable
flame limits of the burner(s). These minimum and maximum
limits shall be specified by the burner manufacturer and veri-
fied by operating tests in accordance with 7.4.3.8 and 7.7.3.2.

(D) While in the automatic control mode, the control system
shall prevent the demand for a fuel-rich mixture.

7.4.3.7 Lance Subsystem.
7.4.3.7.1 Functional Requirements.

7.4.3.7.1.1 The lance subsystem shall function to provide al-
ternate or supplemental fuel input to the bed.

7.4.3.7.1.2 The lances shall meet the requirements of 4.6.2.
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7.4.3.7.2 Subsystem Requirements.
7.4.3.7.2.1 Fuel Supply System.

(A) The liquid or gaseous fuel lance subsystem shall be de-
signed so that the fuel is supplied in a continuous manner and
within the confines of stable combustion limits.

(B) Minimum bed temperature interlocks shall be furnished
to ensure the combustion of fuel in the bed at all times.

(C) Provision shall be made for protecting the lance nozzles
and tips.

(D)* The lance equipment shall be located in an appropriate
environment with access for maintenance.

7.4.3.7.2.2 Multiple Lances Under Common Control.

(A) Agroup of lances shall be permitted to be supplied from
a common header whose input is controlled by a single set of
fuel safety shutoff and control valves.

(B) Flow to a group of lances that is controlled from a com-
mon source shall be treated as an individual lance.

7.4.3.8* Burner Testing. The turndown limits of stable flame
for each burner subsystem producing a separate flame enve-
lope shall be determined by tests without the ignition system
in service.

(A) These tests shall verify that transients generated in the
fuel and air subsystems do not adversely affect the burners in
operation.

(B) These tests shall include the use of those fuels expected
to be used.

7.4.4 Burner Management, Combustion Monitoring and Trip-
ping, and Bed Temperature Monitoring.

7.4.4.1 Burner Management System. The burner manage-
ment system shall be in accordance with 4.6.3.

7.4.4.2 Combustion Monitoring and Tripping Systems —
Functional Requirements. The basic requirements of the com-
bustion monitoring and tripping system shall be as follows:

(1) Combustion instability situations shall be brought to the
attention of the operator for remedial action.

(2) An emergency shutdown of the involved equipment shall
be automatically initiated on detection of serious combus-
tion problems that would lead to the accumulation of un-
burned fuel or to other hazardous situations.

7.4.4.3* Bed Temperature Monitoring.

7.4.4.3.1 The bed temperature, monitored by taking a
number of measurements physically located in the bed,
shall provide a representative bed temperature profile un-
der all operating conditions.

(A) If the bed is compartmented, the bed temperature of
each individual compartment shall be monitored.

(B) The bed temperature(s) shall be available to the operator.

(C)* The bed temperature measurements shall be valid only
when the bed is fluidized.

7.4.4.3.2 An indication of bed temperature outside the nor-
mal operating range shall be brought to the attention of the
operator in order to permit remedial action.

7.4.4.3.3 On detection of a bed temperature that falls below
the minimum value established for self-sustaining combustion
of the fuel(s) being fired in the bed, that fuel supply shall be
automatically shut down.

7.4.4.4 Combustion Control System.
7.4.4.4.1 Functional Requirements.

7.4.4.4.1.1 The combustion control system shall maintain
furnace fuel and air input in accordance with demand.

7.4.4.4.1.2 The combustion control system shall maintain the
bed temperature within the limits required for continuous
stable combustion for the full operating range of the boiler.

7.4.4.4.1.3* Furnace inputs and their relative rates of change
shall be controlled to maintain the airfuel ratio within the
limits required for continuous combustion and stable bed
conditions for the full operating range of the boiler.

7.4.4.4.2 System Requirements.

7.4.4.4.2.1 Equipment shall be provided and operating proce-
dures established to heat the bed material prior to admitting fuel
to the bed.

(A)* For bed start-up, the temperature of the bed material
shall be raised to the minimum value established for self-
sustaining combustion of the fuel.

(B) For bed start-up, the bed shall be fluidized before fuel is
admitted.

7.4.4.4.2.2 Minimum and Maximum Limits.

(A) Provisions shall be made for setting minimum and maxi-
mum limits on the fuel and air control subsystems to ensure
stable bed operation and to prevent fuel and airflows beyond
the capacity of the furnace.

(B) These minimum and maximum limits shall be defined by
the boiler manufacturer and verified by operating tests.

7.4.4.4.2.3 When changing furnace heat input, the airflow
and fuel flow shall be changed simultaneously to maintain an
airrich air-fuel ratio during and after the changes.

(A) This requirement shall not eliminate the requirements
for air lead and lag during changes in the fueliring rate.

(B) Setting the fuel flow control on automatic without setting
the airflow control on automatic shall be prohibited, and this
function shall be interlocked.

(C) Where fluidized-bed combustion boilers burn fuels of
widely varying heat value and air demand per unit of fuel, the
required air-fuel ratio limits shall include provision for the
calibration of the air-fuel ratio.

7.4.4.4.2.4 The control system shall prevent the demand for a
fuel-rich mixture while in the automatic control mode.

7.4.4.4.2.5 Means shall be provided to limit fuel input to the
air input while in the automatic control mode.

7.4.4.4.2.6 On balanced draft furnaces, furnace draft shall be
maintained at the set point.

7.4.4.4.2.7 Equipment shall be designed and procedures es-
tablished to allow on-line maintenance of combustion control
equipment.

7.4.4.4.2.8 Provisions for calibration and testing of combustion
control and associated interlock equipment shall be furnished.
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7.4.4.4.2.9% Flue gas oxygen analyzers shall be provided for
use as an operating guide.

7.4.4.4.2.10 Fuel gas flowmeters shall be operated at constant
pressure conditions or shall be pressure compensated where
pressure variations introduce a significant error.

7.4.4.4.2.11 Fuel oil flowmeters shall be compensated where
variations in temperature or viscosity introduce a significant
error.

7.4.4.4.2.12 Means of providing a calibrated solid fuel flow
signal for each feeder shall be part of the combustion control
and solid fuel feed control systems to provide indexes of total
fuel versus total airflow for use as an operating guide.

7.4.4.4.2.13 Means shall be provided to maintain the
transport/fluidizing air necessary for transporting the re-
quired fuel, sorbent, and recycled ash material, as applicable.

7.4.4.5 Operating Information. In addition to the require-
ments of 4.6.7, a continuous trend display of bed temperature
shall be provided.

7.5* Furnace Pressure Excursion Prevention.

7.5.1* General. The methods for minimizing the risks of fur-
nace pressure excursions in excess of furnace structural capa-
bility shall be accomplished by the requirement in 7.5.1(A) or
the requirement in 7.5.1(B).

(A) The boiler enclosure, the air supply system, and the flue gas
removal system shall be designed so that the maximum head ca-
pability of the forced draft fans and induced draft fans within
these systems, with ambient air, does not exceed the design pres-
sure of these systems. The design shall include the following:

(1) This design pressure is defined the same as, and shall be in
accordance with, the wind and seismic stresses of ASCE 7,
Minimum Design Loads for Buildings and Other Structures.

(2) The appropriate design of steel members shall be in ac-
cordance with AISC ASD, Specification for Structural Steel
Buildings — Allowable Stress Design and Plastic Design, or
AISC LRFD, Load and Resistance Factor Design for Structural
Steel Buildings.

(B) A furnace pressure control system shall be provided in ac-
cordance with 7.5.2 and a furnace design as specified in 7.4.1.1.

7.5.2 Furnace Pressure Control Systems.

7.5.2.1 Functional Requirements. The furnace pressure con-
trol system shall control the furnace pressure at the desired set
point in the combustion chamber.

7.5.2.2 System Requirements. The technical requirements of
this section shall be in accordance with the flow chart shown in
Figure 7.5.2.2.

7.5.2.2.1 The furnace pressure control subsystem, block (A),
in Figure 7.5.2.2, shall position the draftregulating equip-
ment to maintain furnace pressure at the desired set point.

7.5.2.2.2 The control system, as shown in Figure 7.5.2.2, shall
include the following:

(1) Three furnace pressure transmitters (B), each on a sepa-
rate pressure-sensing tap and monitored (C) to minimize
the possibility of operating with a faulty furnace pressure
measurement

(2) A feed-forward signal (D) to indicate boiler airflow de-
mand. This signal shall be permitted to be a fuel flow
signal, a boiler master signal, or other index of demand
but shall not be a measured airflow signal
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(8) Override action or directional blocking (E) for large fur-
nace draft errors introduced after the auto/manual trans-
fer station (F)

(4) The prevention of uncontrolled changes in air or flue gas
flow caused by axial fans, where used, achieved by operat-
ing the fans in such a manner as to avoid a stall condition

(5) Purge air as required to keep the sensing lines open

7.5.2.3 Furnace Pressure Control Final Control Elements. The
furnace pressure control element(s) [i.e., draft fan inlet
damper, drive blade pitch control, and speed control (see (G)
in Figure 7.5.2.2)], shall meet the following criteria:

(1)*The operating speed shall not exceed the control system’s
sensing and positioning capabilities.

(2) The operating speed of the draft control equipment shall
not be less than that of the airflow control equipment.

7.5.3 Sequence of Operations.

7.5.3.1 Functional Requirements.

7.5.3.1.1 General.

(A) The sequence for starting and stopping fans shall be in ac-
cordance with written operating procedures provided by manu-
facturers, engineering consultants, and operating companies.

(B) These procedures shall be integrated with the operating
procedures specified in 7.5.3 and Section 7.6.

7.5.3.1.2 Open Flow Path.

7.5.3.1.2.1 An open flow path from the inlet of the forced
draft fans through the stack shall be ensured under all operat-
ing conditions.

(D) (A) (B)
Feed-forward Three furnace
demand signal pressure
transmitters
Furnace pressure
control subsystem
©)

Transmitter
monitoring and
median system

A

[

Y

(F)
Auto/manual
transfer station

VA
(E)

Fan override action
or directional
blocking on large
furnace draft error

v

(G)

Draft regulating
control element

FIGURE 7.5.2.2 System Requirements.
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7.5.3.1.2.2 Where the system design does not allow the use of
fully open air paths, the minimum width of open area air paths
shall not be less than that required for purge airflow with fans
in operation.

7.5.3.1.2.3 On installations with multiple induced draft or
forced draft fans, all fan flow control devices and shutoff
dampers shall be opened in preparation for starting the first
induced draft fan.

(A) Isolating dampers, windbox dampers, air registers, and
other control dampers shall be opened as required to ensure
an open flow path from the forced draft fan inlet through the
furnace, the induced draft fans, and the stack.

(B) Unless an open flow path is provided by other means, the
open path shall be ensured during starting of the first induced
draft and forced draft fans.

(C) During any individual fan-starting sequence, the associ-
ated flow control devices and shutoff dampers shall be permit-
ted to be closed.

7.5.3.1.2.4 On installations with a single induced or forced
draft fan, the induced draft fan control devices and shutoff
dampers shall be permitted to be closed as required during
fan start-up.

(A) Once the induced draft fan is operating and has stabi-
lized, the forced draft fan flow control devices and shutoff
dampers shall be brought to the position that limits starting
current during the fan’s start-up.

(B) The forced draft fan flow control devices and shutoff
dampers shall then be brought to the position for purge air-
flow during fan operation.

7.5.3.1.2.5 Within the limitations of the fan manufacturer’s rec-
ommendations, all flow control devices and shutoff dampers on
idle fans shall remain open until the first induced draft and first
forced draft fans are in operation while maintaining furnace
pressure conditions and indication of an open flow path.

7.5.3.1.2.6 After the first induced draft and forced draft fans
are started and are delivering air through the furnace, the
shutoff damper(s) of the remaining idle fan(s) shall be per-
mitted to be closed.

7.5.3.1.2.7 The practice of operating with excess induced
draft fan capability in relation to either forced draft fan capa-
bility or boiler load shall be discouraged.

7.5.3.1.3 The sequence for starting and stopping fans under
all conditions shall be as follows:

(1) An induced draft fan is started, and then a forced draft
fan is started. Subsequent induced draft and forced draft
fans shall be started in accordance with 7.5.3.1.4.

(2) Shutdown procedures shall be the reverse of those re-
quired in 7.5.3.1.3(1).

7.5.3.1.4 Where starting and stopping fans, the method em-
ployed and the manipulation of the associated control ele-
ments shall minimize furnace pressure excursions.

7.5.3.1.4.1 The furnace pressure control subsystem shall be
placed on and maintained on automatic controls as soon as
possible.

7.5.3.1.5 Following shutdown of the last fan due to any cause,
the opening of fan dampers shall be delayed or controlled to

prevent positive or negative furnace pressure transients in ex-
cess of design limits during fan coastdown.

7.5.4 Interlock System.

7.5.4.1 Functional Requirements. The functional require-
ments for interlock systems specified in Section 7.9 shall be
followed.

7.5.4.2 System Requirements.

7.5.4.2.1 Operating personnel shall be made aware of the
limitations of the automatic protection system.

7.5.4.2.2 The interlocks in 7.5.4.2.2.1 through 7.5.4.2.2.5
shall be provided, and a short time delay shall be permitted to
allow for rapid transients that do not present a hazard.

7.5.4.2.2.1 High Furnace Pressure.

(A) A master fuel trip shall be initiated when the furnace
pressure exceeds a value specified by the manufacturer.

(B) If fans are operating after the trip, they shall be contin-
ued in service.

(C) The airflow shall not be increased by deliberate manual
or automatic control action.

(D) Before the main fuel firing and following a master fuel
trip, forced draft fans shall be tripped if the furnace positive
pressure exceeds a value specified by the manufacturer.

(E) The value of the positive pressure at which the forced
draft fan trip is activated shall be greater than that specified in
7.5.4.2.2.1(A).

7.5.4.2.2.2 High Furnace Draft (Balanced-Draft Units).

(A) A master fuel trip (not necessarily automatic) shall be
initiated when the furnace negative pressure exceeds a value
specified by the manufacturer.

(B) If fans are operating after the trip, they shall be contin-
ued in service.

(C) The airflow shall not be increased by deliberate manual
or automatic control action.

(D) Before the main fuel firing and following a master fuel
trip, all induced draft fans shall be tripped if furnace negative
pressure exceeds a value specified by the manufacturer.

(E) The value of the negative pressure at which the induced
draft fan trip is activated shall be greater than that specified in
7.5.4.2.22(A).

7.5.4.2.2.3 Loss of Forced Draft Fans.

(A) An interlock to prove that each forced draft fan is running
and capable of providing the required flow shall be provided.

(B) Loss of such proofs shall initiate “loss of FD fan(s)” inter-
locks in accordance with the manufacturer’s requirements
and the requirements of this code.

(C) Damper(s) shall be closed on loss of an individual forced
draft fan, unless it is the last forced draft fan in service.

(D) Where an interlock system is provided to start, stop, and trip
induced draft fans and forced draft fans in pairs, the associated
induced draft fan shall be tripped on loss of an individual forced
draft fan, and the dampers associated with both fans shall be
closed, provided they are not the last fans in service.
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(E) 1If they are the last fans in service, the forced draft fan
dampers shall remain open, and the induced draft fan shall
remain in controlled operation.

(F) A master fuel trip shall be initiated on loss of all forced
draft fans.

(G) All forced draft fan dampers shall be opened after a time
delay to prevent high duct pressure during fan coastdown.

(H) Dampers shall remain open.
(I) Gas recirculation fan system dampers shall be closed.
7.5.4.2.2.4 Loss of Induced Draft Fans.

(A) Aninterlock to prove that each induced draft fan is running
and capable of providing the required flow shall be provided.

(B) Loss of such proofs shall initiate “loss of ID fan(s)” inter-
locks in accordance with the manufacturer’s requirements
and the requirements of this code.

(C) Damper(s) shall be closed on loss of an individual in-
duced draft fan, provided it is not the last induced draft fan in
service.

(D) Where an interlock system is provided to start, stop, and
trip induced draft fans and forced draft fans in pairs, the asso-
ciated forced draft fan shall be tripped on loss of an individual
induced draft fan.

(E) The dampers associated with both fans shall be closed,
provided they are not the last fans in service.

(F) A master fuel trip shall be initiated on loss of all induced
draft fans.

(G) All forced draft fans shall be tripped.

(H) All induced draft fan dampers shall be opened after a
time delay to prevent high draft during fan coastdown.

(I) Dampers shall remain open, and fans shall be started in
accordance with 7.5.3.1.2 through 7.5.3.1.4.

(J) Gas recirculation fan system dampers shall be closed.

7.5.4.2.2.5 Multiple and Variable Speed Fans. After the start
of the firstinduced draft and forced draft fans, any subsequent
fan(s), whether of the forced draft or induced draft type, shall
be capable of delivering airflow before opening its damper(s).

7.6 Sequence of Operations.
7.6.1 General.

7.6.1.1 Sequencing shall follow procedures that allow pre-
pared fuel to be admitted to the fluidized-bed combustion
zone only when hot fluidized bed mass and required combus-
tion airflow exist to ignite the fuel as it enters the furnace and
to burn it continuously and as completely as possible within
the confines of the combustion area.

7.6.1.2 The sequence of operations shall be based on the
safety interlock system shown in Figure 7.9.3.1.1(b).

(A) These sequences shall be followed where the unit is oper-
ated manually or where certain functions are accomplished by
interlocks or automatic controls.

(B) Different arrangements shall be permitted where equiva-
lent protection is provided and the intent of the operating
sequences specified in this section is met.
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7.6.1.3* The starting and shutdown operating sequences for
fluidized-bed boilers shall be permitted to be designed to pre-
serve the temperature of the bed material and refractory.

(A) As a result, the warm-up cycle for cold start-up and hot
restart, as well as the shutdown sequence, shall be permitted to
be different from other coal-, oil-, or gas-fired boilers.

(B) Differences shall be permitted in, but not limited to, the
following operating sequences:

(1) On a cold start-up, after the purge period, airflow through
the bed (depending on the process design) shall be permit-
ted to be reduced below the purge value to provide for the
warm-up rate specified by the manufacturer. However, un-
der no circumstances shall the total airflow through the unit
be less than the unit purge rate.

(2) During a hot restart, if the bed material is above a prede-
termined minimum ignition temperature, fuel shall be
permitted to be admitted to the boiler, or warm-up burn-
ers shall be permitted to be started to preserve bed tem-
perature without a purge.

(8) Tripping the fans or diverting airflow from previously ac-
tive bed sections shall be permitted after a master fuel trip
without the postpurge.

7.6.1.4 Fluidized-bed boilers that have multiple beds (some-
times called zones, sections, or compartments) shall utilize a
restrictive pattern of bed start-up and shutdown and shall pro-
hibit random bed operation.

7.6.1.4.1 In such cases, bed sequencing shall be specified by
the manufacturer’s operating instructions and verified by ac-
tual experience with the unit.

7.6.1.4.2 The first bed section shall have reached a predeter-
mined ignition temperature before fuel is introduced.

7.6.1.4.3 Beds adjacent to an active bed shall have reached a
predetermined ignition temperature before fuel is introduced.

7.6.1.5 Purge and light-off shall be performed under the follow-
ing basic operating philosophy, which significantly improves the
margin of operating safety, particularly during start-up:

(1) The number of equipment manipulations necessary shall
be minimized, thereby minimizing exposure to operating
errors or equipment malfunction.

(2) The hazard of dead pockets in the gas passes and the ac-
cumulation of combustibles shall be minimized by con-
tinuously diluting the contents of the furnace with large
quantities of air.

7.6.1.5.1 The basic start-up procedure shall incorporate the
requirements in 7.6.1.5.1.1 through 7.6.1.5.1.6.

7.6.1.5.1.1 All dampers and burner air registers shall be
placed in a predetermined open position.

7.6.1.5.1.2 A unit purge with the air registers and dampers in
the position specified in 7.6.1.5.1.1 shall be completed. The bed
shall be purged while in the fluidized or semifluidized condition.

7.6.1.5.1.3 Prior to being placed into operation, components
(e.g., precipitators, fired reheaters) containing sources of ig-
nition energy shall be purged for not less than 5 minutes or
five volume changes of that component, whichever is greater.
This purge shall be permitted to be done concurrently with
the unit purge.
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7.6.1.5.1.4 The bed warm-up cycle shall start after the purge
is complete.

(A) Airflow through the bed shall be permitted to be re-
duced below the purge requirements, depending on the
process constraints.

(B) Some design of multizone fluidized beds shall be permit-
ted to require slumping those beds that are not being heated
for start-up.

(C) Fluidized beds shall be permitted to be warmed up with
the bed in a slumped or fluidized mode.

7.6.1.5.1.5 Fluidized-bed boilers shall be warmed following the
procedures and the warm-up rates specified by the manufacturer.

7.6.1.5.1.6 Fuel input that necessitates ignition by the bed
material shall not be fed into the bed until the average bed
temperature has reached 760°C (1400°F).

(A)* Alower fuel input temperature limit shall be permitted,
provided the temperature has been verified through test or
actual experience as being capable of igniting the fuel.

(B) In no case shall the temperature be lower than 482°C
(900°F) for coal or 593°C (1100°F) for oil and natural gas.

7.6.1.5.2 Modifications.

(A) Each boiler shall be tested during initial start-up to deter-
mine whether any modifications to the procedures specified
in 7.6.1.5.1 are necessary to obtain ignition or to satisfy other
design limitations during light-off and warm-up.

(B) Modifications in the basic operating philosophy defined
in 7.6.1.5 shall not be made.

7.6.2 Operational Requirements.
7.6.2.1 Cold Start.

7.6.2.1.1 Preparation for starting shall include a thorough
inspection and shall verify the following:

(1) The furnace and gas passages are in good repair and free
of foreign material.

(2) All personnel are evacuated from the unit and associated
equipment, all access and inspection doors are closed,
and all equipment and instrumentation are ready for
operation.

(3) All airflow and flue gas flow control dampers have been
operated through their full range to check the operating
mechanism.

(4) All adjustable individual burner dampers or registers
have been operated through their full range to check
the operating mechanism.

(5) All safety shutoff valves are operational and closed and
ignition sparks are de-energized.

(6) The feeder equipment is effectively isolated to prevent
the leakage of fuel or sorbent into the furnace and to
prevent hot air or flue gas from the fluidized bed from
leaking back into the feed system.

(7) The drum water level is established in drum-type boilers,
circulating flow is established in forced circulation boil-
ers, or minimum water flow is established in once-
through boilers.

(8) The feeders and associated equipment are calibrated
and ready for operation.

(9) Energy is supplied to the control system and to the safety
interlocks.

(10) The oxygen analyzer and carbon monoxide or combus-
tibles analyzer, if provided, are operating; the carbon
monoxide or combustibles indication is at zero, and oxy-
gen indication is at maximum.

(11) A complete functional check of the safety interlocks has
been made, at minimum, after system maintenance.

(12) A complete periodic operational test of each igniter has
been made as follows:

(a) Frequency of testing is dependent on the design and
operating history of each individual unit and igni-
tion system.

(b) As a minimum, a test shall be performed during ev-
ery start-up following overhaul or other mainte-
nance.

(c) A test shall be integrated into the starting sequence
and shall follow the unit purge and precede the ad-
mission of any burner fuel.

(13) Individual igniters or groups of igniters shall be permit-
ted to be tested while the unit is in service as follows:

(a) Such tests shall be made with no main fuel present
in the igniter’s associated burner.

(b) The burner air register shall be in its startup or
light-off position as described in the established op-
erating procedure.

(14)*The furnace contains the required bed inventory as de-
fined by the manufacturer or determined by test.

7.6.2.1.2 Starting Sequence. The starting sequence shall be per-
formed in the order of 7.6.2.1.2(A) through 7.6.2.1.2(K) except
where variations are permitted by the boiler manufacturer.

(A) The unit shall be prepared for operation, and the follow-
ing shall be verified:

(1) Required cooling water flow to critical components shall
be ensured.

(2) Verification that the plant air, instrument air, and service
steam systems are operational shall be made.

(B) Verification of the existence of an open flow path from
the inlet(s) of the forced draft fans through the furnace space
and into the stack shall be made.

(C) The flue gas cleanup system, ash transportation system, and
gas recirculation fans shall be started as specified by the equip-
ment manufacturers and under the following conditions:

(1) Where provided, regenerative-type air heaters shall be
started as specified by the manufacturer.

(2) The air heater soot blower shall be operated as specified
by the air heater manufacturer.

(D) An induced draft fan shall be started, then a forced draft
fan(s) shall be started in accordance with the manufacturer’s
instructions and in accordance with the following:

(1) Subsystems associated with these fans, such as lube oil sys-
tems and cooling systems, shall be started as defined by
the supplier.

(2) Additional induced draft or forced draft fans shall be
started in accordance with 7.5.3.

(E) Dampers and air registers shall be opened to the purge
position. For duct burners with an inlet damper or blower (if
provided), the inlet damper shall be opened to the purge po-
sition and the blower shall be running to allow boiler airflow
purge through the duct burner.
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(F) The bed and boiler enclosure shall be purged with not
less than five volumetric changes but, in any event, for a con-
tinuous period of not less than 5 minutes, under the following
conditions:

(1) A freeboard purge without air passing through the bed
material shall be deemed as not meeting purge criteria.

(2) The purge shall include the air and flue gas ducts, air
heater(s), warm-up burners(s), windbox(es), and bed(s).

(3) Purge rate shall not be less than 25 percent of design full
load mass airflow.

(G) Gas recirculation systems present special problems with
respect to ensuring a complete unit purge. The boiler manu-
facturer’s specifications on gas recirculation fan operation
during purge and light-off shall be followed.

(H) Bed height, as defined by the manufacturer, shall be es-
tablished under the following conditions:

(1) Bed height shall be adjusted by adding sorbent or inert
solids or by draining excess bed material.

(2) Forced draftand induced draft fans shall remain in opera-
tion; solid fuel feeders shall remain off.

(I) The bubbling fluidized-bed starting procedure shall be as
follows [see 7.6.2.1.2(]) for circulating fluidized bed]:

(1) The bed warm-up burner rate shall not exceed the boiler
manufacturer’s specifications.

(2) Reduced combustion airflow through the bed is permit-
ted for warming up the bed sections. However, in no
event shall total air through the unit be reduced below
purge rate.

(3) Dampers shall be permitted to be closed on bed sections
that are not to be fired.

(4) Burners shall be started in accordance with Sections 7.7
and 7.8, as applicable. If the first burner fails to light
within the established trial for ignition period after ad-
mission of fuel, the unit shall be repurged before a sec-
ond trial.

(5) The bed shall continue to be heated at a rate specified by
the manufacturer. The required bed level shall be main-
tained by adding sorbent or inert solids as needed.

(6) Fuel input that necessitates ignition by the bed material
shall not be fed into the bed until the average bed tem-
perature for the section being started meets the require-
ments of 7.6.1.5.1.6.

(7) Warm-up burners shall remain in service until the stable
ignition of this fuel has been established.

(8) The duct temperature shall be maintained within the
manufacturer’s specified limits.

(9) Verification that the fuel is igniting shall be made by
watching for a steady increase in bed temperature and a
decreasing oxygen level, and the following modifica-
tions shall be made:

(a) Fuel flow shall be increased to maintain bed tem-
perature as necessary.

(b) Airflow shall be increased as necessary to maintain
the desired oxygen level.

(¢) In the case of solid fuel, if the main fuel has been fed
for more than 90 seconds or a period established by
the manufacturer without an increase in bed tem-
perature, solid fuel feeding shall be discontinued
until the reason for ignition failure is determined.

(10) The active bed area shall be expanded by activating idle
bed sections according to steam load demands by follow-
ing the manufacturer’s recommended sequence.
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(J) The circulating fluidized-bed starting procedure shall be
as follows:

(1) The bed warm-up burner rate shall not exceed the boiler
manufacturer’s specifications.

(2) After the first bed warm-up burner has been placed in
service, the bed material and refractory shall be heated at
the manufacturer’s specified rate.

(8) Warm-up burners shall be added, if necessary, to maintain
the required bed heat-up rate, and the following proce-
dures shall be completed:

(a) Any fans and blowers that were shut down for the
warm-up cycle shall be placed back in service when the
bed temperature reaches the required temperature.

(b) Preparation to admit the main fuel shall be made.

(4) Fuel input that necessitates ignition by the bed material
shall not be fed into the bed until the average bed tem-
perature meets the requirements of 7.6.1.5.1.6.

(5) Warm-up burners shall remain in service until the stable
ignition of the fuel has been established.

(6) Verification that the fuel is igniting shall be made by
watching for a steady increase in bed temperature and a
decrease in oxygen, and the following modifications shall
be made:

(a) Warm-up burners shall be removed, and fuel flow
shall be increased to maintain bed temperature at the
recommended level.

(b) Airflow shall be increased as necessary to maintain
the desired oxygen level.

(c) In the case of solid fuel, if fuel has been fed for more
than 90 seconds or for a period established by the
manufacturer without an increase in bed tempera-
ture, solid fuel feeding shall be discontinued until the
reason for ignition failure is determined.

(K) The on-line metering combustion control (unless designed
specifically for start-up procedures) shall not be placed in auto-
matic service until the following have been accomplished:

(1) A predetermined minimum main fuel input has been
exceeded.

(2) Stable bed temperature conditions have been established.
(3) All manual control loops are operating without an error
signal between their set point and process feedback.

(4) Airflow control is on automatic.

7.6.2.2 Normal Operation.
7.6.2.2.1 Firing Rate.

(A) The firing rate shall be regulated by increasing or de-
creasing the fuel and air supply simultaneously to all fuel ports
or bed sections, maintaining required air-fuel ratio continu-
ously at all firing rates.

(B) The requirement in 7.6.2.2.1(A) shall not eliminate the
requirements for air lead and lag during changes in the fuel-
firing rate.

7.6.2.2.2 For those applications where gas or oil is fired, the
firing rate shall be regulated by flow control or pressure con-
trol valves or devices of this type and shall not be regulated by
modulating the shutoff valves, which shall be fully open or
completely closed.

7.6.2.2.3 Fuel feed rates and transport airflow shall be main-
tained between the maximum and minimum limits specified by
the boiler manufacturer or, preferably, as determined by trial.
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(A) These trials shall test for minimum load under stable bed
temperature, fluidization, and required combustion condi-
tions as follows:

(1) With all feeders in service and combustion controls on
automatic

(2) With different combinations of feeders in service and
combustion controls on automatic

(B) Where changes occur to the manufacturer’s maximum
and minimum limits because of various feeder combinations
and different fuel conditions, additional testing shall be re-
quired to establish the new limits.

7.6.2.2.4 If alower minimum load is required than the lowest
load that can be obtained with all feeders at minimum speed,
the feeder(s) (and associated bed sections if applicable) shall
be removed from service.

(A) The remaining feeder(s) shall be operated at a fuel rate
above the minimum required for stable operation.

(B) The minimum fuel rate shall be determined by tests with
various combinations of fuel distribution and excess air.

(C) These tests shall reflect the most restrictive conditions.
7.6.2.2.5* Bed Temperature.

7.6.2.2.5.1 The stable operating philosophy of a fluidized
bed shall be to maintain a bed temperature greater than
760°C (1400°F) and to initiate a main fuel trip below this tem-
perature if the required warm-up burner(s) is not in service.

7.6.2.2.5.2 Alower operating and trip temperature for fuels
other than natural gas shall be permitted [but not lower than
649°C (1200°F) for coal and fuel oil], provided the tempera-
ture has been verified through test or actual experience to
maintain stable combustion of the fuel.

7.6.2.2.6 Airflow.

(A) Total airflow shall not be reduced below 25 percent of full
load airflow.

(B) Airflow shall not be reduced below that required to main-
tain stable fluidization conditions within active beds or bed
compartments.

7.6.2.3 Normal Shutdown.

7.6.2.3.1 When the unit is being taken out of service, the
boiler load shall be brought down to a minimum.

7.6.2.3.2 After the boiler load is reduced, either the option in
7.6.2.3.2(A) or the option in 7.6.2.3.2(B) shall be followed for
normal shutdown.

(A) If the unit is scheduled to be cooled and opened for
maintenance, the main fuel shall be tripped and the following
conditions observed:

(1) The forced draft and induced draft fans shall be allowed
to remain in operation.

(2) Following a 5 minute postpurge, fans shall be allowed to
operate until the unit is cooled for maintenance.

(B) Ifthe unitis scheduled to be restarted soon, the fans shall
be permitted to be tripped after the minimum period needed
to remove volatiles and burn the fuel remaining in the bed
from the furnace after the main fuel has been tripped, as indi-
cated by a drop in bed temperature and an increase in oxygen
reading. The fans shall not be tripped until there is positive
indication of fuel burnout.

7.6.2.4 Normal Hot Restart.

7.6.2.4.1* When restarting a unit after it has been tripped or
after the furnace has been bottled up, the purge cycle outlined
in 7.6.1.5.1 and the fuel header leak test specified by
7.7.5.2.1.2 and 7.8.5.2.1.2 shall not be required prior to intro-
duction of main fuel, provided the bed temperature is above
the main fuel temperature specified in 7.6.1.5.1.6.

7.6.2.4.2% If the bed temperature has dropped below the main
fuel temperature permissible during the shutdown, a unit
purge shall be required as outlined in 7.6.1.5.

7.6.2.5 Emergency Shutdown — Master Fuel Trip.

7.6.2.5.1 With the initiation of a master fuel trip due to any of
the emergency conditions listed in 7.6.2.5.2 and 7.6.2.5.3, all
fuel shall be stopped from entering the boiler.

7.6.2.5.2 Conditions Resulting in Mandatory Automatic Mas-
ter Fuel Trips. A master fuel trip shall result from any of the
following conditions (see Section 7.9):

(1) Loss of any induced draft or forced draft fan required to
sustain combustion (See Section 7.5.)

(2) Furnace pressure in excess of the design operating pres-
sure by a value recommended by the manufacturer (See
Section 7.5.)

(8) Insufficient drum level (a short time delay as established
by the manufacturer is permitted)

(4) Loss of boiler circulation pumps or flow, if applicable

(5) Total airflow decrease below the purge rate by 5 percent
of the full load airflow

(6) Bed temperature falling below the value specified in
7.6.2.2.5 when the main fuel is being admitted to bed and
no warm-up burner is established

(7) All fuel inputs zero and bed temperature not adequate
once any fuel has been admitted to the unit

7.6.2.5.3 Conditions Resulting in Mandatory Master Fuel Trips
with Alarms — Not Necessarily Automatically Initiated. A master
fuel trip shall result from any of the following conditions:

(1) Loss of energy supply for boiler control, burner manage-
ment, or interlock systems

(2) Cooling water flow for fluidized-bed system components
less than minimum

(8) Plant air or instrument air pressure low (process require-
ment only)

(4) Bed temperature high — trip to prevent unit damage re-
sulting from excessive temperature

(5) Furnace pressure falling below the design operating pres-
sure by a value recommended by the manufacturer

7.6.2.5.4 Actions Upon Initiating a Master Fuel Trip. Upon
the occurrence of a master fuel trip as a result of any of the
emergency conditions in 7.6.2.5.2 and 7.6.2.5.3, all fuel shall
be stopped from entering the boiler.

(A) Oil and gas safety shutoff valves shall be tripped and ig-
niter sparks de-energized.

(B) The fuel, sorbent, and bed feed system shall be tripped.

(C) Electrostatic precipitators, fired reheaters, or other igni-
tion sources shall be tripped.

(D) Master fuel trips shall operate in a manner to stop all fuel
flow into the furnace within a period that does not allow a
dangerous accumulation of fuel in the furnace.
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(E) The owner shall have the option of allowing a master fuel
trip to initiate a time delay forced draft fan and induced draft
fan trip. [See 7.6.2.3.2(B).]

(F) Where the design allows, char recirculation shall be
stopped.

7.6.2.5.5 Actions Following a Master Fuel Trip.

7.6.2.5.5.1 The sorbent, bed material feed, and bed material
drain system shall be permitted to be restarted as necessary.

7.6.2.5.5.2 The owner shall have the option under conditions
where there is low-low drum water level and furnace outlet
temperature is above 482°C (900°F) to stop the flow of fluidiz-
ing air immediately.

(A) Aforced draft fan shall be permitted to be tripped to stop
the flow of fluidizing air.

(B) The induced draft fan shall not be tripped.

7.6.2.5.5.3 If the option for tripping fans on a master fuel trip
is not exercised, the fans that are operating after the master
fuel trip shall be continued in service, and the airflow shall not
be increased immediately by deliberate manual or automatic
control action.

7.6.2.5.5.4 Exceptas permitted in 7.6.2.5.5.1, equipment that
is tripped at the time of or following a master fuel trip shall not
be restarted until conditions have stabilized and it is deter-
mined that the equipment can be safely restarted.

7.6.2.6 Emergency Shutdown — Main Fuel Trip.

7.6.2.6.1 With the initiation of a main fuel trip due to any of
the emergency conditions listed in 7.6.2.6.2 or 7.6.2.6.3, all
main fuel shall be stopped from entering the boiler.

7.6.2.6.2 Conditions That Result in Mandatory Automatic
Main Fuel Trips. A main fuel trip shall result from any of the
following conditions (see Section 7.9):

(1) Master fuel trip

(2) Inadequate bed temperature as defined by the boiler de-
signer with warm-up burners in service [See 7.6.1.5.1.6.]

(3) Inadequate bed temperature as defined by the boiler de-
signer without warm-up burners in service [See 7.6.2.2.5.]

(4) Inadequate airflow to fluidize the bed as defined by the
boiler designer

7.6.2.6.3 Mandatory Main Fuel Trips — Not Necessarily Auto-
matically Initiated. A main fuel trip shall result from inad-
equate solids inventory.

7.6.2.7 Procedure for Purging after a Master Fuel Trip.

(A) Fans that are operating after the master fuel trip shall be
continued in service.

(B) The airflow shall not be increased or decreased by auto-
matic control action.

(C) Changes in the airflow shall be performed in accordance
with established operating procedures.

7.6.2.8 Loss of Draft Fans.

(A) When the emergency trip was caused by loss of induced
draft fans or induced draft fans also have tripped, all dampers
in the air and flue gas passages of the unit shall be opened
slowly to the fully open position to create as much natural
draft as possible to ventilate the unit.
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(B) Opening fan dampers shall be timed or controlled to
ensure that positive or negative furnace pressure transients
beyond design limits do not occur during fan coastdown.

(C) It shall be permitted to start the fan(s) in accordance
with 7.5.3 and to increase the airflow gradually to the purge
rate.

7.6.2.9 After Emergency Shutdown. The following actions
shall be taken after an emergency shutdown:

(1) The unit shall be shut down in accordance with 7.6.2.3.

(2) If conditions for a hot restart in accordance with 7.6.2.4.1
exist following an emergency shutdown, a hot restart shall
be permitted.

7.6.3 Emergency Conditions Not Requiring Shutdown or
Trip.

7.6.3.1 Installations that include multiple induced draft fans,
forced draft fans, or both shall have a control system capable
of reducing the fuel flow to match the available airflow in the
event of a loss of a fan or fans. Otherwise, tripping of the unit
shall be mandatory.

7.6.3.2 If an air deficiency develops while the main fuel is
being fired, the fuel shall be reduced until the specified air-
fuel mixture ratio has been restored.

7.6.3.3 Momentary interruptions in the main fuel supply or
changes in fuel quality shall not require a unit trip, provided the
bed temperature remains above the limits defined in 7.6.2.2.5.

(A) Use of warm-up burners shall be permitted to maintain
bed material temperature.

(B) Use of lances also shall be permitted, provided the bed
temperature is above the minimum sustained ignition value
for that fuel.

(C) It shall be permitted to return to service a fuel feeder
subsystem that had malfunctioned before the bed tempera-
ture falls below the main fuel temperature trip limit.

7.6.4 General Operating Requirements — All Conditions.

7.6.4.1 Prior to allowing personnel to enter a unit, positive ac-
tion shall be taken to prevent fuel from entering the furnace.

7.6.4.2 Ignition.

(A) Burners shall not be lighted one from another or from
the hot refractory.

(B) The igniter for the burner shall always be used.

7.6.4.3 When feeder or transport line maintenance is being
performed with the boiler in service, positive means to isolate
the feeder or transport line from the boiler shall be used.

7.6.4.4 Total Heat Input.

(A) The total heat input within a burner or furnace zone, or
both, shall not exceed the maximum limits specified for the
equipment by the manufacturer or as established by test.

(B) The heat input from multiple fuels shall be totalized
where a burner or furnace zone, or both, simultaneously fires
more than one fuel.
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7.7 Sequence of Operations for Gas-Fired Warm-Up Burners.
7.7.1 General.

(A) The additional mandatory requirements in Section 7.7
shall apply to burning fuel gas in warm-up burners.

(B) All installed piping arrangements shall meet the func-
tional requirements of this code.

(C) Fuel gas piping shown in Figure 7.7.1(C) (a) through Fig-
ure 7.7.1(C) (e) shall be used in conjunction with Section 7.7.

(D) Alternate arrangements to those shown in Figure
7.7.1(C) (a) through Figure 7.7.1(C) (e) that satisfy the func-
tional requirements in Section 7.7 and that are acceptable to
the AH]J shall be permitted.

7.7.2 Fuel Supply Subsystem — Fuel Gas. The requirements
for the fuel gas supply subsystem gas as defined in 7.4.3.1 shall
apply to all fuel gas—fired warm-up burners.

This legend applies to Figure 7.7.1(C)(a) through Figure 7.7.1(C)(e).

A Burner header shutoff valve |
B Individual burner safety shutoff valve

C1 Burner header atmospheric vent valve
C> Individual burner atmospheric vent valve
Cy4 Igniter header atmospheric vent valve
Cs Individual igniter atmospheric vent valve
D  Burner header fuel control valve

Dy Burner header fuel bypass control valve
E Igniter header safety shutoff valve

F  Igniter fuel control valve

G Individual igniter safety shutoff valve

H Recirculating valve

Flowmeter

Restricting orifice

0O UVOoOZZrr X«

Charging valve (optional—required
to be self-closing)

Constant fuel pressure regulator
Pressure relief valve

Leakage test connection

Low atomizing media pressure switch
Strainer or cleaner

R High fuel pressure switch
R1 High fuel pressure switch (alternate location)
R2 High fuel supply pressure switch
[pressure switch high (PSH)]
S Pressure gauge
T  Manual shutoff valve
U Temperature indicator
V  Burner header atmospheric vent valve, manual
Y Check valve

Low fuel pressure switch

Low fuel supply pressure switch
[pressure switch low (PSL)]

K
Ro Q4 S
L L @O
Gas supply [§_<} }\/} o » To burner header fuel supply

FIGURE 7.7.1(C)(a) Fuel Gas Supply to Power House.

To boiler igniter fuel supply

To other boilers

S
Cq Cs
O
{;:<|} {ﬂ%—) To igniter

7.7.1(C)(a).]

R Q
J E
G T
as supply
[See Figure [§_<} i @ ‘
L
L

|
L

Y

To
» remaining
igniters

Y

FIGURE 7.7.1(C)(b) Fuel Gas Ignition System — Multiple Igniters Supplied from a Common Header (Automatic).
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FIGURE 7.7.1(C)(c) Fuel Gas Ignition System — Individually Controlled Igniters (Automatic).
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FIGURE 7.7.1(C)(d) Fuel Gas Burner/Lance System Master Flow Control Valve for Multiple Burners (Automatic).
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FIGURE 7.7.1(C)(e) Fuel Gas Burner/Lance System Individual Fuel Control Valve (Automatic).
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7.7.3 Requirements for Fuel Gas Warm-Up Burner Sub-
system.

7.7.3.1* Stable Flame Limits.

(A) The warm-up burner subsystem shall be designed so that
the burner inputs are supplied to the furnace continuously
and within their stable flame limits.

(B) Class 1 or Class 2 igniters, as demonstrated by test in
accordance with 7.7.3.3, shall be permitted to be used to main-
tain stable flame.

7.7.3.2 Where Class 3 or Class 3 Special igniters are used, the
limits of stable flame for each burner subsystem producing a
separate flame envelope shall be determined by tests.

(A) These tests shall verify that transients generated in the
fluidized bed and in the fuel and air subsystems do not ad-
versely affect the burners in operation.

(B) These tests shall include the expected range of available
fuels.

(C) These tests shall be repeated after any combustion pro-
cess modification and after switching to any fuel not previ-
ously tested.

7.7.3.3 Where Class 1 or Class 2 igniters are used and where
the system is designed for firing without ignition support, the
tests required in 7.7.3.2 shall be performed over the operating
range.

(A) In addition, the tests in 7.7.3.2 shall be performed with
the ignition subsystem in service to verify that the igniters that
are furnished meet the requirements of the class specified in
the design.

(B) Any resulting extended turndown range shall be avail-
able only when Class 1 igniters are in service and flame is
proven.

7.7.3.4 Provisions shall be made for visual observation of con-
ditions at the burner ignition zone and for flame detection
equipment.

7.7.3.5 Maintenance and Housekeeping.

(A) The burner equipment shall be located in an environ-
ment that allows convenient access for maintenance.

(B) Special attention shall be given to fire hazards imposed
by leakage or rupture of piping at the burner.

(C) The requirements for maintenance and housekeeping
described in Section 4.4 shall be practiced.

7.7.3.6 All burner safety shutoff valves shall be located close
to the burner to minimize the volume of fuel left in the burner
lines downstream of the burner valves.

7.7.4 Flame Monitoring and Tripping System.

7.7.4.1 Each burner shall be supervised individually, and on
detection of loss of burner flame, the safety shutoff valve for
the burner experiencing the loss shall automatically close.

7.7.4.2 On detection of loss of all warm-up burner flame or
partial loss of flame to the extent that hazardous conditions
exist, a trip of the warm-up burner system shall be automati-
cally initiated.

7.7.5 Sequence of Operations.
7.7.5.1 General.

7.7.5.1.1 The sequence of operations in 7.7.5 shall be fol-
lowed whether the burner is operated manually or certain
functions are accomplished by interlocks or automatic con-
trols [see Figure 7.7.1(C)(a) through Figure 7.7.1(C)(e)].

7.7.5.1.2 Burner Operation.

(A) Burners shall be placed in service in a sequence specified
by operating instructions and verified by actual experience.

(B) Burners shall be placed in service as necessary, with fuel
flows and individual registers or dampers positioned for light-
off in accordance with established operating procedures.

(C) The fuel pressure at the burner header for all burners
served by a single control valve shall be permitted to be used as
a guide in maintaining the necessary fuel flow for each burner
and shall be maintained automatically within prescribed limits
as additional burners are placed in service.

(D) The total number of burners placed in service shall be the
number necessary to accomplish both of the following within the
rate of rise limits specified by the boiler manufacturer:

(1) Raise boiler pressure or temperature.
(2) Raise bed temperature.

7.7.5.1.3 Burner Testing.

(A) Each burner shall be tested during initial start-up to de-
termine whether any modifications to the procedures speci-
fied in 7.7.5.2 are needed to establish ignition or to address
other design limitations during light-off and warm-up.

(B) For burners that are purged with the registers in the nor-
mal operating position, it shall be permissible to momentarily
close the registers of the burner being lighted if required to
establish ignition.

(C) Modifications in the basic procedures shall be allowed
only if required to obtain light-off.

(D) Paragraphs 7.6.1.5.1.1 through 7.6.1.5.1.6 shall be fol-
lowed, thereby satisfying the basic objectives in 7.6.1.5.

7.7.5.2 Functional Requirements.
7.7.5.2.1 Cold Start.

7.7.5.2.1.1 Preparation for starting shall include a thorough
inspection and shall verify the following:

(1) All safety shutoff valves are closed, and all sparks are
de-energized.

(2) Oil ignition systems meet the requirements of Section 7.8.

(3) Fuel system vents are open and venting to atmosphere
outside the boiler room; lines are drained and cleared of
condensate and other foreign material.

(4) The correct drum water level is established in drum-type
boilers, circulating flow is established in forced circulation
boilers, or minimum water flow is established in once-
through boilers as established by the boiler manufacturer.

(5) Burner elements and igniters are positioned in accor-
dance with the manufacturer’s specification.

(6) Energy is supplied to the control and interlock systems.

(7) Meters or gauges are indicating fuel header pressure to
the unit.
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7.7.5.2.1.2 Starting Sequence. The starting sequence shall be
performed in the order of 7.7.5.2.1.2(A) through 7.7.5.2.1.2(0):

(A)* An operational leak test of each fuel header piping sys-
tem shall be performed in accordance with established proce-
dures while maintaining at least purge rate airflow. Successful
completion of the leak test shall be performed prior to placing
the gas system into operation.

(B) The fuel control valve (s) shall be closed, and the main safety
shutoff valve(s) shall be opened once the requirements of
7.7.5.2.1.2(A) for leak test performance and 7.9.3.3 for permis-
sive conditions in the furnace purge system have been satisfied.

(C) It shall be determined that the burner fuel control valve
is in the light-off position, and the burner fuel bypass control
valve, if provided, is set to maintain burner header fuel pres-
sure within predetermined limits for light-off with the follow-
ing conditions:

(1) The burner headers shall be vented in order to be filled
with gas and to provide a flow (if necessary) so that the
fuel and bypass fuel control valves function to regulate
and maintain the correct pressure for burner light-off.

(2) The fuel control valve shall be opened when necessary.

(3) The time needed to vent for control of header pressure
after header charging shall be evaluated and minimized.

(D) The igniter header safety shutoff valve(s) shall be
opened, and the following shall be performed:

(1) Itshall be confirmed that the igniter fuel control valve is
holding the manufacturer’s recommended fuel pressure
necessary for the igniter to operate at design capacity.

(2) The igniter headers shall initially be vented in order to be
filled with gas and to provide a flow (if necessary), so that
the igniter fuel control valve(s) functions to regulate and
maintain the fuel pressure within the design limits speci-
fied by the manufacturer for lighting the igniters.

(3) The time needed to vent for control of header pressure
after header charging shall be evaluated and minimized.

(E) The air register or damper on the burner selected for
light-off shall be adjusted to the position recommended by the
manufacturer or by established operating procedure in accor-
dance with the requirements of this section.

(F) The spark or other source of ignition for the igniter(s) on
the burner(s) to be lit shall be initiated, and the following
shall be performed:

(1) The individual igniter safety shutoff valve(s) shall be
opened, and all igniter system atmospheric vent valves
shall be closed.

(2) If flame on the first igniter(s) is not established within
10 seconds, the individual igniter safety shutoff valve (s)
shall be closed and the cause of failure to ignite shall be
determined and corrected.

(3) With airflow maintained at purge rate, repurge shall not
be required, but at least 1 minute shall elapse before a
retrial of any igniter is attempted.

(4) Repeated retrials of igniters without investigating and cor-
recting the cause of the malfunction shall be prohibited.

(G) Where Class 3 special electric igniters are used, the pro-
cedures described in 7.7.5.2.1.2(A) through 7.7.5.2.1.2(C),
7.7.5.2.1.2(E), and 7.7.5.2.1.2(H) through 7.7.5.2.1.2(K) shall
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be used, recognizing the requirements for individual burner
flame supervision.

(H) After it is certain that the igniter(s) is established and is
providing the required level of ignition energy for the warm-up
burner(s), the individual burner safety shutoff valve(s) shall be
opened, the individual burner atmospheric vent valves shall be
closed, and the following shall be performed:

(1) Amaster fuel trip shall be initiated when the bed tempera-
ture falls below the main fuel ignition temperature as
specified in 7.6.1.5.1.6 and when the flame detection sys-
tem(s) indicates that ignition has not been obtained
within 5 seconds following the actual entry of fuel into the
burner.

(2) Purging shall be repeated, and the condition(s) that
caused the failure to ignite shall be corrected before an-
other light-off attempt is made.

(8) For the following burner and all subsequent burners
placed in operation, failure to ignite or loss of ignition for
any reason on any burner(s) shall cause the fuel flow to
that burner(s) to stop.

(4) All conditions required by the manufacturer or by estab-
lished operating procedures for light-off shall exist before
restarting a burner.

(I) After stable flame is established, the air register(s) or
damper(s) shall slowly be returned to its operating position,
making certain that ignition is not lost in the process. The air
register shall be permitted to be opened simultaneously with
the burner safety shutoff valve.

(J) Class 3 igniters shall be shut off at the end of the time trial
for proving the main flame under the following conditions:

(1) Itshall be verified that the stable flame continues on the
burner(s) after the igniters are shut off.

(2) Systems that allow the igniters to remain in service on
either an intermittent or a continuous basis shall have
been tested to meet all the requirements of Class 1 ignit-
ers or Class 2 igniters with associated interlocks in service.

(K) After the burner flame is established, the burner header
atmospheric vent valve shall be closed, and the following shall
be performed:

(1) If the charging valve is used, the burner header atmo-
spheric vent valve shall be closed.

(2) The fuel bypass control valve shall automatically control
the burner header gas pressure.

(L) The following shall apply:

(1) The procedures of 7.7.5.2.1.2(E) through 7.7.5.2.1.2(]),
for placing additional burners in service, shall be fol-
lowed, as necessary, to increase bed temperature, raise
steam pressure, or carry additional load.

(2) Ifused, automatic control of burner fuel flow and burner
airflow during the lighting and start-up sequence is rec-
ommended and, if used, shall be in accordance with the
requirements of 7.7.5.2.1.2(M).

(3) The fuel flow to each burner (as measured by burner fuel
header pressure, individual burner flows, or other equiva-
lent means) shall be maintained at a controlled value that
is compatible with the established airflow through the cor-
responding burner.

(4) Total furnace airflow shall not be reduced below purge
rate airflow and shall be at least that which is necessary for
complete combustion in the furnace.
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(M) The burner combustion control system shall not be placed
in automatic until a predetermined minimum warm-up burner
fuel input has been attained, the burner fuel and airflow are ad-
justed as necessary, and a stable flame has been established with
the following exceptions:

(1) Where each individual flow control burner is provided
with an individual combustion control system that main-
tains the correct air-fuel ratio, a stable flame, and a fire
rate in accordance with the demand for the full operating
range of the burner

(2) Where on-line burner combustion control is designed
specifically for start-up procedures

(N) Itshall be permitted to place a multiple number of ignit-
ers in service simultaneously from a single igniter safety shut-
off valve, provided the igniters are supervised, so that failure of
one of the group to light causes the fuel to all igniters in the
group to be shut off.

(O) Itshall be permitted to place in service, simultaneously, a
multiple number of burners served by their corresponding
multiple igniters from a single burner safety shutoff valve, pro-
vided the burners are supervised, so that failure of one of the
group to light causes the fuel to all burners in the group to be
shut off.

7.7.5.2.2 Normal Operation.

7.7.5.2.2.1 Except for duct burners, the firing rate shall be
regulated by increasing or decreasing the fuel and air supply
to maintain the air-fuel ratio within predetermined operating
limits continuously at all firing rates. Changes in airflow during
load changes shall lead or lag changes in fuel flow as required to
ensure sufficient air for complete combustion throughout the
load change.

(A) For the case in which either the air or fuel supply to a
group of burners is regulated by a common device, changes in
the firing rate shall be accomplished by simultaneous adjust-
ment of air and fuel flow to all the burners in the group.

(B) For the case in which each burner in a multiple burner
arrangement is equipped with independently controllable
fuel and air supplies, changes in the firing rate shall be accom-
plished by adjusting the firing rate of each individual burner
independently provided the air-fuel ratio of each individual
burner is maintained within predetermined operating limits
continuously at all firing rates.

(C) In the case of a duct burner, the firing rate shall be regu-
lated by increasing or decreasing the fuel flow. An interlock
shall be provided to prevent airflow to the duct burner from
falling below the minimum required for combustion as rec-
ommended by the manufacturer.

7.7.5.2.2.2 The firing rate shall not be regulated by varying
the fuel to individual burners by means of the individual
burner safety shutoff valve (s).

(A) The individual burner safety shutoff valve (s) shall be fully
open or completely closed.

(B) Intermediate settings shall not be used.

7.7.5.2.2.3 Air registers shall be set at firing positions deter-
mined by tests, except in systems provided with metering of air
and fuel to each burner and designed specifically for indi-
vidual burner modulating control.

7.7.5.2.2.4 The burner fuel and airflow shall be maintained
within a range between the maximum and minimum limits as
determined by trial, or, if trial results do not exist, as specified
by the combustion equipment manufacturer(s).

(A) These trials shall test for minimum and maximum limits
and stable flame under both of the following conditions:

(1) With all burners in service and combustion control on
automatic

(2) With different combinations of burners in service and
combustion control on automatic

(B) Where there are changes to any of the minimum and
maximum limits because of equipment modifications, operat-
ing practices, or fuel conditions, retesting shall be required.

7.7.5.2.2.5 Loss of Burner Flame.

(A) On loss of an individual burner flame, that individual
burner’s safety shutoff valve shall be automatically closed and
its vent opened immediately.

(B) The burner register shall be closed where it interferes
with the air-fuel ratio supplied to any other individual burner
flame.

7.7.5.2.2.6 Total airflow shall not be reduced below the purge

rate.
7.7.5.2.3 Normal Shutdown.
7.7.5.2.3.1 Shutdown Order.

(A) The reverse procedure of that used during start-up shall
be followed during shutdown.

(B) Burners shall be shut down sequentially, as the need for
warm-up energy is reduced, by closing the individual burner
safety shutoff valves, leaving the registers on these burners in
firing position.

7.7.5.2.3.2 Shutdown Process.

(A) Asthe fuelis reduced, a sequential shutdown of the burn-
ers shall be accomplished by closing the individual burner
safety shutoff valves and opening the vent valves.

(B) Registers shall be placed in the position prescribed by
established operating procedure(s).

7.7.5.2.3.3 When the last individual burner safety shutoff
valves are closed, the main safety shutoff valve shall be closed.

7.7.5.2.3.4 All atmospheric vent valves shall be opened to mini-
mize the possibility of gas leaking into the boiler enclosure.

7.7.5.3 Mandatory Automatic Fuel Trip for Gas-Fired Warm-Up
Burners. A warm-up burner system fuel trip of each burner or
group of burners serviced by a single control valve shall result
from any of the following conditions:

(1) Fuel pressure at the point of supervision below the mini-
mum required for stable operation of the burner as estab-
lished by the burner manufacturer or by trial

(2) Loss of the air supply fan or inadequate airflow to the
burner

(3) Loss of all flame

(4) Last individual burner safety shutoff valve closed

(5)*High fuel gas pressure at the point of supervision above
the maximum allowed for the burner

(6) Master fuel trip

(7) High duct burner discharge temperature
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7.7.5.4 Emergency Conditions Not Requiring Shutdown or
Trip.

(A) Ifan air deficiency develops while flame is maintained at
the burners, the fuel shall be reduced until the required air-
fuel ratio has been restored.

(B) If fuel flow cannot be reduced, airflow shall be increased
slowly until the required air-fuel ratio has been restored.

7.7.5.5 General Operating Requirements — All Conditions.
7.7.5.5.1 Ignition.

(A) The igniter for the burner shall be used to light the
burner.

(B) Burners shall not be lighted one from another, from hot
refractory or from bed material.

7.7.5.5.2 Where the boiler is operating at low capacity with mul-
tiple burners controlled by one master flow control valve, the
burner fuel pressure shall be maintained above minimum by a
reduction in the number of burners in service as necessary.

7.7.5.5.3 Before maintenance is performed on the gas header,
the header shall be purged in accordance with NFPA 54, National
Fuel Gas Code.

7.8 Sequence of Operations for Oil-Fired Warm-Up Burners.
7.8.1 General.

(A) The additional mandatory requirements in Section 7.8
shall apply to burning fuel oil in warm-up burners.

(B) All installed piping arrangements shall meet the func-
tional requirements of this code.

(C)* Fuel oil piping as shown in Figure 7.8.1(C) (a) through Fig-
ure 7.8.1(C) (h) shall be used in conjunction with Section 7.8.

(D) Alternate arrangements to those shown in Figure
7.8.1(C)(a) through Figure 7.8.1(C)(h) that satisfy the
functional requirements in Section 7.8 and that are accept-
able to the AH]J shall be permitted.

7.8.2 Fuel Supply Subsystem — Fuel Oil. The requirements
of the fuel oil supply subsystem as defined in 7.4.3.2 shall apply
to all fuel oil-fired warm-up burners.

7.8.3 Requirements for Fuel Oil Warm-Up Burner Subsystem.
7.8.3.1* Stable Flame Limits.

(A) The warm-up burner subsystem shall be designed so that
the burner inputs are supplied to the furnace continuously
and within their stable flame limits.

(B) Class 1 or Class 2 igniters, as demonstrated by test in
accordance with 7.8.3.3, shall be permitted to be used to main-
tain stable flame.

7.8.3.2 Where Class 3 or Class 3 Special igniters are used, the
limits of stable flame for each burner subsystem producing a
separate flame envelope shall be determined by tests.

(A) The tests shall verify that transients generated in the flu-
idized bed and in the fuel and air subsystems do not adversely
affect the burners in operation.

(B) The tests shall include the expected range of available
fuels.

(C) The tests shall be repeated after any combustion process
modification and after switching to any fuel not previously tested.
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7.8.3.3 Where Class 1 or Class 2 igniters are used and where the
system is designed for firing without ignition support, the tests
required in 7.8.3.2 shall be performed over the operating range.

(A) In addition, the tests in 7.8.3.2 shall be performed with
the ignition subsystem in service to verify that the igniters that
are furnished meet the requirements of the class specified in
the design.

(B) Any resulting extended turndown range shall be available
only when Class 1 igniters are in service and flame is proven.

7.8.3.4 Provisions shall be made for visual observation of con-
ditions at the burner ignition zone and for flame detection
equipment.

7.8.3.5 Provisions shall be made for cleaning of the burner
nozzle and tip.

7.8.3.6 Maintenance.

(A) The burner equipment shall be located in an environ-
ment that allows convenient access for maintenance.

(B) Special attention shall be given to the fire hazards im-
posed by leakage or rupture of piping at the burner.

(C) Particular attention shall be given to the integrity of flex-
ible hoses or swivel joints.

(D) The requirements of housekeeping described in Chapter
4 shall be practiced.

7.8.3.7 All burner safety shutoff valves shall be located close
to the burner to minimize the volume of oil left downstream of
the burner valves in the burner lines or that flows by gravity
into the furnace on an emergency trip or burner shutdown.

7.8.3.8 Atomizing Subsystem.

7.8.3.8.1 Where the fuel is to be atomized with the assistance
of another medium, the atomizing medium shall be free of
contaminants that could cause an interruption of service.

7.8.3.8.2 For steam atomizing, insulation and traps shall be
included to ensure dry atomizing steam to the burners.

7.8.3.8.3 The atomizing medium shall be provided and main-
tained at the specified pressure necessary for operation.

7.8.3.8.4 Contamination.

(A) Positive means shall be provided to prevent fuel oil
from entering the atomizing medium system during or after
operation.

(B) Positive means shall not rely on check valves for this func-
tion because they have not proven dependable in heavy oil
service.

7.8.3.8.5 The atomizing subsystem shall be designed for con-
venient cleaning and maintenance.

7.8.4 Flame Monitoring and Tripping System.

7.8.4.1 Each burner shall be supervised individually, and, on
detection of loss of burner flame, the safety shutoff valve for
the burner experiencing the loss shall automatically close.

7.8.4.2 On detection of loss of all warm-up burner flame or
partial loss of flame to the extent that hazardous conditions
exist, a trip of the warm-up burner system shall be automati-
cally initiated.
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This legend applies to Figure 7.8.1(C)(a) through Figure 7.8.1(C)(h).

A Burner header safety shutoff valve J  Constant fuel pressure regulator R1 High fuel pressure switch (alternate location)

B Individual burner safety shutoff valve K Pressure relief valve Rz High fuel supply pressure switch

C1 Burner header atmospheric vent valve L Leakage test connection S Pressure gauge [pressure indicator (PI)]

C> Individual burner atmospheric vent valve M Flowmeter T Manual shutoff valve

C4 Igniter header atmospheric vent valve N  Low atomizing media pressure switch U Temperature indicator

Cs Individual igniter atmospheric vent valve O Strainer or cleaner V  Burner header atmospheric vent valve, manual
D  Burner header fuel control valve P Restricting orifice W  Scavenging valve

D4 Burner header fuel bypass control valve Q Low fuel pressure switch Y Check valve

E Igniter header safety shutoff valve [pressure switch low (PSL)] Z  Atomizing media pressure regulator

F  Igniter fuel control valve Q1 Low fuel pressure switch (alternate Il Circulating valve

G Individual igniter safety shutoff valve location) QQ Low temperature or high viscosity alarm switch
H Recirculating valve Q2 Low fuel supply pressure switch SS Individual burner supervisory shutoff valve

| Charging valve (optional—required to R High fuel pressure switch Ts Atomizing media shutoff valve

be self-closing)

G

Scavenging medium

K
Q S
J E @ ° G
e EG OO s
Light oil supply

! To igniter

~ To
remaining
igniters
FIGURE 7.8.1(C)(a) Light Oil Ignition System — Multiple Mechanically Atomized Igniters
Supplied by a Common Header (Automatic).
G
Y
Scavenging medium
K
Q S
E J G
T
Light oil supply o Y
[See Figure [;Q} ! } 1 To igniter
7.6.1(C)a).] N
" o
» remaining
igniters

>

FIGURE 7.8.1(C)(b) Light Oil Ignition System — Individually Controlled Mechanically Atomized Igniters (Automatic).
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T
Light oil supply
[See Figure —D—Q} J,\/

7.8.1(C)(a).]

Atomizing _ _% _
media supply < ,

Light oil supply
[See Figure
7.8.1(C)(a).]
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©
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Scavenging medium
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FIGURE 7.8.1(C)(d) Light Oil Ignition System — Individually Controlled Steam/Air Atomized Igniters (Automatic).
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7.8.1(C)(a).] N
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FIGURE 7.8.1(C)(e) Oil Burner/Lance System — Mechanically Atomized Master Fuel Control Valve
for Multiple Burners (Automatic).
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FIGURE 7.8.1(C)(f) Oil Burner/Lance System — Mechanically Atomized Individual Fuel Control Valve
for Multiple Burners (Automatic).
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FIGURE 7.8.1(C)(g) Oil Burner/Lance System — Air/Steam Atomized Master Fuel Control Valve
for Multiple Burners (Automatic).
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FIGURE 7.8.1(C)(h) Oil Burner/Lance System — Steam/Air Atomized Individual Fuel Control Valve (Automatic).
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7.8.5 Sequence of Operations.
7.8.5.1 General.

7.8.5.1.1 The sequence of operations in 7.8.5 shall be fol-
lowed whether the burner is operated manually or certain
functions are accomplished by interlocks or automatic con-
trols. [See Figure 7.8.1(C)(a) through Figure 7.8.1(C)(h).]

7.8.5.1.2 Burner Operation.

(A) Burners shall be placed in service in a sequence specified
by operating instructions and verified by actual experience.

(B) Burners shall be placed in service as necessary, with fuel
flows and individual registers or dampers positioned for light-
off in accordance with established operating procedures.

(C) The fuel pressure at the burner header for all burners
served by a single control valve shall be permitted to be used as
a guide in maintaining the necessary fuel flow for each burner
and shall be maintained automatically within prescribed limits
as additional burners are placed in service.

(D) The total number of burners placed in service shall be the
number necessary to accomplish both of the following within the
rate of rise limits specified by the boiler manufacturer:

(1) Raise boiler pressure and temperature
(2) Raise bed temperature

7.8.5.1.3 Burner Testing.

(A) Each burner shall be tested during initial start-up to de-
termine whether any modifications to the procedures speci-
fied in 7.8.5.2 are needed to establish ignition or to satisfy
other design limitations during light-off and warm-up.

(B) For burners that are purged with the registers in the nor-
mal operating position, it shall be permissible to momentarily
close the registers of the burner being lighted, if required to
establish ignition.

(C) Modifications to the basic procedures shall be allowed
only if required to obtain light-off.

(D) Paragraph 7.6.1.5.1.1 through Paragraph 7.6.1.5.1.6 shall
be followed, thereby satisfying the basic objectives in 7.6.1.5.

7.8.5.2 Functional Requirements.
7.8.5.2.1 Cold Start.

7.8.5.2.1.1 Preparation for start-up shall include a thorough
inspection and shall verify the following:

(1) Energy is supplied to the control system and to the inter-
lock systems.

(2) All safety shutoff valves are closed; all sparks are de-
energized.

(3) Gas ignition systems meet the requirements of Section 7.7.

(4) Circulating valves are open to provide and maintain hot
oil in the burner headers.

(5) The proper drum water level is established in drum-type
boilers, circulating flow is established in forced circula-
tion boilers, or minimum water flow is established in
once-through boilers.

(6) Burner guns have been checked to ensure that the cor-
rect burner tips and sprayer plates and gaskets are in
place to ensure a safe operating condition.

(7) Burner elements and igniters are positioned in accor-
dance with the manufacturer’s specifications.

(8) Meters or gauges indicate fuel header pressure to the unit.

7.8.5.2.1.2 Starting Sequence. The starting sequence shall be
performed in the order of 7.8.5.2.1.2(A) through 7.8.5.2.1.2(P).

(A) The following leak test shall be performed on all oil head-
ers before the oil system is placed in service by establishing a
predetermined pressure on the oil header:

(1) The predetermined pressure is established with the main
and individual burner safety shutoff valves and the recir-
culating valves closed.

(2) If this oil pressure remains within predetermined limits
for a predetermined amount of time, the individual
burner safety shutoff valves are properly sealing off their
burners.

(B) The oil temperature or viscosity shall be verified to be
within predetermined limits to ensure that atomization will
occur. The circulating valve and throttle recirculating valve, if
necessary, shall be closed to allow establishment of burner
header pressure within manufacturer’s limits, as specified in
7.8.5.2.1.2(A).

(C) All fuel valve(s) shall be closed and the safety shutoff
valve(s) shall be opened, but only after the requirements of
7.9.3.3 for permissible conditions in the furnace purge system
have been satisfied.

(D) Itshall be determined that the burner fuel control valve
is in the light-off position and that the burner fuel bypass con-
trol valve, if provided, is set to maintain burner header fuel
pressure within predetermined limits for light-off.

(E) The igniter header safety shutoff valve(s) shall be opened,
and it shall be confirmed that the igniter fuel control valve is
holding the manufacturer’s recommended fuel pressure neces-
sary for the igniter to operate at design capacity.

(F) The air register or damper on the burner selected for
light-off shall be adjusted to the position recommended by the
manufacturer or the established operating procedure in ac-
cordance with the requirements of this section.

(G) The spark or other source of ignition for the igniter(s)
on the burner(s) to be lit shall be initiated and the following
procedures completed:

(1) The individual igniter safety shutoff valve(s) and all ig-
niter system atmospheric vent valves (gas igniters only)
shall be closed.

(2) If flame on the first igniter(s) is not established within
10 seconds, the individual igniter safety shutoff valve(s)
shall be closed, and the cause of failure to ignite shall be
determined and corrected.

(3) With airflow maintained at purge rate, repurge shall not
be required, but at least 1 minute shall elapse before a
retrial of any igniter is attempted.

(4) Repeated retrials of igniters without investigating and cor-
recting the cause of the malfunction shall be prohibited.

(H) Where Class 3 Special electric igniters are used, the pro-
cedures described in 7.8.5.2.1.2(A) through 7.8.5.2.1.2(D),
7.8.5.2.1.2(F), and 7.8.5.2.1.2(I) through 7.8.5.2.1.2(L) shall
be used, recognizing the requirements for individual burner
flame supervision.
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(I) After itis certain that the igniter(s) is established and is pro-
viding the required level of ignition energy for the warm-up
burner(s), the individual burner safety shutoff valve(s) shall be
opened and the following procedures performed:

(1) Amaster fuel trip shall be initiated when the bed tempera-
ture falls below the main fuel ignition temperature as
specified in 7.6.1.5.1.6 and when the flame detection sys-
tem(s) indicates that ignition has not been obtained
within 5 seconds following the actual entry of fuel into the
burner.

(2) Purging shall be repeated, and the condition(s) that
caused the failure to ignite shall be corrected before an-
other light-off attempt is made.

(3) For the following burner and all subsequent burners
placed in operation, failure to ignite or loss of ignition for
any reason on any burner(s) shall cause the fuel flow to
that burner(s) to stop.

(4) All conditions required by the manufacturer and estab-
lished operating procedures for light-off shall exist before
restarting a burner.

(J) After stable flame is established, the air register(s) or
damper(s) shall be adjusted slowly to its operating position,
making certain that ignition is not lost in the process. With
automatic burner management systems, the air register shall
be permitted to be opened simultaneously with the burner
safety shutoff valve.

(K) Class 3 igniters shall be shut off at the end of the time trial
for proving the main flame, and the following shall be ensured:

(1) Itshall be verified that the stable flame continues on the
burner(s) after the igniters are shut off.

(2) Systems that allow the igniters to remain in service on
either an intermittent or a continuous basis shall have
been tested to meet all the requirements of Class 1 ig-
niters or Class 2 igniters with associated interlocks in
service.

(L) The following procedures shall apply:

(1) The procedures of 7.8.5.2.1.2(F) through 7.8.5.2.1.2(K)
shall be followed when additional burners are being
placed in service, as necessary, to increase bed tempera-
ture or steam pressure or to carry additional load.

(2) Automatic control of burner fuel flow and burner airflow
during the lighting and start-up sequence is recommended
and if used shall be in accordance with the requirements of
7.8.5.2.1.2(N).

(3) The fuel flow to each burner (as measured by equivalent
means) shall be maintained at a controlled value that is
compatible with the established airflow through the cor-
responding burner.

(4) Total furnace airflow shall not be reduced below purge
rate airflow and shall be at least that which is necessary for
complete combustion in the furnace.

(M) After a predetermined number of burners have been
placed in service to allow control of the header fuel flow and
temperature, the recirculating valve shall be closed, unless the
system is designed for continuous recirculation.

(N) The burner combustion control (unless designed specifi-
cally for start-up procedures) shall not be placed in service
until a predetermined minimum warm-up burner fuel input
has been attained, the burner fuel and airflow are adjusted as
necessary, and a stable flame has been established.
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(O) Itshall be permitted to place a multiple number of ignit-
ers in service simultaneously from a single igniter safety shut-
off valve, provided the igniters are supervised so that failure of
one of the group to light causes the fuel to all igniters of the
group to be shut off.

(P) Itshall be permitted to place in service simultaneously a
multiple number of burners served by their corresponding
multiple igniters from a single burner safety shutoff valve, pro-
vided the burners are supervised so that failure of one of the
group to light causes the fuel to all burners of the group to be
shut off.

7.8.5.2.2 Normal Operation.

7.8.5.2.2.1 Except for duct burners, the firing rate shall be
regulated by increasing or decreasing the fuel and air supply
to maintain the air-fuel ratio within predetermined operating
limits continuously at all firing rates. Changes in air flow during
load changes shall lead or lag changes in fuel flow as required to
ensure sufficient air for complete combustion throughout the
load change.

(A) For the case where either the air or fuel supply to a group
of burners is regulated by a common device, changes in firing
rate shall be accomplished by simultaneous adjustment of air
and fuel flow to all the burners in the group.

(B) For the case where each burner in a multiple burner
arrangement is equipped with independently controllable
fuel and air supplies, changes in firing rate shall be accom-
plished by adjusting the firing rate of each individual burner
independently provided the air-fuel ratio of each individual
burner is maintained within predetermined operating limits
continuously at all firing rates.

(C) In the case of a duct burner, the firing rate shall be regu-
lated by increasing or decreasing the fuel flow. An interlock
shall be provided to prevent airflow to the duct burner from
falling below the minimum required for combustion as rec-
ommended by the manufacturer.

7.8.5.2.2.2 The firing rate shall not be regulated by varying
the fuel to individual burners by means of the individual
burner safety shutoff valve(s).

(A) The individual burner safety shutoff valve (s) shall be fully
open or completely closed.

(B) Intermediate settings shall not be used.

7.8.5.2.2.3 Air registers shall be set at firing positions deter-
mined by tests, except in systems provided with metering of air
and fuel to each burner and designed specifically for indi-
vidual burner modulating control.

7.8.5.2.2.4 The burner fuel and airflow shall be maintained
within a range between the maximum and minimum limits as
determined by trial or, if trial results do not exist, as specified
by the combustion equipment manufacturer(s).

(A) These trials shall test for minimum and maximum limits
and for stable flame under both of the following conditions:

(1) With all burners in service and combustion control on
automatic

(2) With different combinations of burners in service and
combustion control on automatic

(B) Where there are changes to any of the minimum and
maximum limits because of equipment modifications, operat-
ing practices, or fuel conditions, retesting shall be required.
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7.8.5.2.2.5 Loss of Burner Flame.

(A) On loss of an individual burner flame, that individual
burner’s safety shutoff valve shall be automatically closed.

(B) The burner register shall be closed where it interferes with
the air-fuel ratio supplied to any other individual burner flame.

7.8.5.2.2.6 Total airflow shall not be reduced below the purge

rate.
7.8.5.2.3 Normal Shutdown.
7.8.5.2.3.1 Shutdown Process.

(A) As the fuel is reduced, the remaining burners shall be
shut down sequentially using the reverse procedure of that
used during start-up.

(B) Each oil burner shall be shut down in the following sequence:

(1) Registers shall be placed in the position prescribed by the
established operating procedure(s).

(2) The igniter shall be placed into service on the particular
burner to be shut down.

(3) If the oil passages of the igniter are to be cleared into the
furnace, the spark or other ignition source for the igniter
shall be initiated before the steam (or air) clearing valve is
opened.

(4) The clearing steam (or air) shall be left in service for a
predetermined length of time that has proven adequate
to remove all oil so as to ensure there will be no carbon-
ization or plugging of the burner tip.

(5) The igniter shall be removed from service, and oil guns
without cooling shall be removed or retracted.

(6) When the last individual burner safety shutoff valve is
closed, the oil header safety shutoff valve shall be closed.

7.8.5.2.3.2 Where fuel recirculation in the burner header is
to be established, the following shall be completed:

(1) Confirmation that individual burner safety shutoff valves are
closed and that flame is out on each burner shall be made.

(2) Confirmation that the main safety shutoff valve is closed
shall be made.

(3) The circulating valve and recirculating valve shall be
opened.

7.8.5.3 Mandatory Automatic Fuel Trip for Oil-Fired Warm-Up
Burners. A warm-up burner system fuel trip of each burner or
group of burners serviced by a single control valve shall result
from any of the following conditions:

(1) Fuel pressure outside operating limits necessary to accom-
plish proper atomization as established by trial or by the
burner manufacturer

(2) Fuel temperature (heated oil only) outside operating limits
necessary to accomplish proper atomization as established
by trial or by the burner manufacturer

(3) Atomizing medium, where used, outside operating limits
established by trial or by the burner manufacturer

(4) Loss of air supply fan or inadequate airflow to the burner

(5) Loss of all flame

(6) Last individual burner safety shutoff valve closed

(7) Master fuel trip

(8) High duct burner discharge temperature

7.8.5.4 Emergency Conditions Not Requiring Shutdown or Trip.

(A) Ifan air deficiency develops while flame is maintained at
the burners, the fuel shall be reduced until the proper air-fuel
ratio has been restored.

(B) Where fuel flow cannot be reduced, the airflow shall be
increased slowly until the proper airfuel ratio has been restored.

(C) Burners with poor atomization shall be shut down.
7.8.5.5 General Operating Requirements — All Conditions.
7.8.5.5.1 Ignition.

(A) The igniter for the burner shall always be used.

(B) Burners shall not be lighted one from another, from hot
refractory, or from bed material.

7.8.5.5.2 Where the boiler is operating at low capacity with
multiple burners controlled by one master flow control valve,
the burner fuel pressure shall be maintained above minimum
by reducing the number of burners serviced by that control
valve as necessary.

7.8.5.5.3 Where oil passages into the furnace are being
cleared, igniters shall be in service, with ignition established.

7.8.5.5.4 The following leak test shall be performed on all oil
headers before the oil header is placed in service:

(1) A predetermined pressure on the oil header shall be estab-
lished with the main and individual burner safety shutoff
valves and the recirculating valve valves closed.

(2) If this oil pressure remains within predetermined limits
for a predetermined amount of time, the individual
burner safety valves shall be assumed to be leaktight.

7.9 Interlock System.
7.9.1 General.

7.9.1.1* The basic requirements of an interlock system for a
unit shall be to protect personnel from injury and also to pro-
tect the equipment from damage.

7.9.1.2 The interlock system shall function to protect against
improper unit operation by limiting actions to a prescribed
operating sequence or by initiating trip devices when ap-
proaching an undesirable or unstable operating condition.

7.9.2 Functional Requirements.

7.9.2.1 The operation of any interlock that causes a trip shall
be annunciated.

7.9.2.2 An interlock system shall be installed, adjusted, and
tested to confirm design, function, and required timing.

7.9.2.3 Periodic testing and maintenance shall be performed
to keep the interlock system functioning in accordance with
the manufacturer’s specifications.

7.9.2.4 The design of an interlock system shall be predicated
on the fundamentals in 7.9.2.4.1 through 7.9.2.4.10.

7.9.2.4.1 The starting procedure and operation shall be su-
pervised to ensure proper operating practices and sequences.

7.9.2.4.2 The minimum amount of equipment shall be
tripped in the required sequence where the safety of person-
nel or equipment is jeopardized.

7.9.2.4.3 The cause of the trip shall be indicated and shall
prevent restarting of any portion of the affected equipment
until nonhazardous conditions are established.

7.9.2.4.4 The required fuel safety subsystems related to duct
burner, lance, warm-up burner, solid fuel and master fuel trip,
and their related trip devices shall be functionally coordinated
into an overall unit interlock system.
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7.9.2.4.5 Where automatic equipment is not available to
accomplish the intended function, instrumentation shall
be provided to enable the operator to complete the re-
quired operating sequence.

7.9.2.4.6 The design shall provide as much flexibility with
respect to alternate modes of operation as is consistent with
good operating practice.

7.9.2.4.7 Preventive maintenance shall be provided in accor-
dance with the manufacturer’s recommendations.

7.9.2.4.8 The design shall not require any deliberate defeat-
ing of an interlock to start or operate equipment. Whenever a
safety interlock device is removed temporarily from service, it
shall be noted in the log and annunciated if practicable, and a
manual or other means shall be substituted to supervise this
interlock function.

7.9.2.4.9% Except as permitted in 7.9.2.4.9(A) and 7.9.2.4.9(B),
the mandatory automatic master fuel trip and mandatory auto-
matic main fuel trip systems, including sensing elements and cir-
cuits, shall be functionally independent from all other control
system functions. The warm-up burner fuel trip system, sensing
elements, and circuits shall be functionally independent from all
other control system functions.

(A) Individual burner flame failure devices shall be permitted to
be used for initiating master fuel trip systems.

(B) Airflow measurement, drum level measurement, and
auctioneered furnace draft signals from the boiler control sys-
tem shall be permitted to be used for a master fuel trip, pro-
vided all the following conditions are met:

(1) These interlocks are hardwired into the burner manage-
ment system.

(2) Tripping set points are protected from unauthorized
changes.

(3) Anysingle component failure of these sensing elements and
circuits does not prevent a mandatory master fuel trip.

Purge complete

7.9.2.4.10 The misoperation of the interlock system or re-
lated equipment due to interruption and restoration of the
interlock power supply shall be prevented.

7.9.2.5 Adjustment of Initiating Devices.

(A) The actuation values and time of action of the initiating
devices shall be adjusted to the furnace and equipment on
which they are installed.

(B) After adjustment, each path and the complete system
shall be tested to demonstrate the adequacy of adjustment for
that furnace.

7.9.3 System Requirements.
7.9.3.1 General.

7.9.3.1.1 Interlocks shall be required as shown in Figure
7.9.3.1.1(a) through Figure 7.9.3.1.1(f) to provide the basic
furnace protection for fluidized-bed boilers.

7.9.3.1.2 The use of the logic flow paths shown in Figure
7.9.3.1.1(a) through Figure 7.9.3.1.1(f) shall reflect the se-
quence of operations described in Sections 7.6, 7.7, and 7.8
for either a cold start or a hot restart.

7.9.3.2 Master Fuel Trip Logic. The master fuel trip logic that
initiates the tripping of all fuel supplies through a master fuel
trip device shall be as shown in Figure 7.9.3.1.1(b) and shall be
in accordance with Section 7.6.

7.9.3.2.1 The master fuel trip device shall remain tripped
until reset by either the successful completion of the purge
cycle or the main fuel temperature permissive from the fuel
release logic, as shown in Figure 7.9.3.1.1(c).

7.9.3.2.2 Each source of operation of the master fuel trip
devices shall actuate a “cause of trip” indication that informs
the operator of the initiating cause of trip impulse.

7.9.3.2.2.1 The loss of all induced draft fans or all forced
draft fans shall operate the master fuel trip device, as shown in
blocks 1 through 4 of Figure 7.9.3.1.1(b).

Purge logic
[Figure 7.9.3.1.1(c)] . .
Permit reset master fuel trip relay

Master fuel trip logic

[Figure 7.9.3.1.1(b)] Master fuel trip (MFT)

FIGURE 7.9.3.1.1(a) Interlock System Overview.
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Cut back
main fuel

A A A/

Reset master fuel
trip relay
(from purge logic)
[Figure 7.9.3.1.1(c)]

Y
Actuate master

Y

Close all individual
igniter safety shutoff
valves and
de-energize sparks
[Figure 7.9.3.1.1(d)]

Y

Close all individual
warm-up burner safety
shutoff valves
[Figure 7.9.3.1.1(d)]

Warm-up burner

@ | Loss of ID fan I > Q ]
@ | Loss of ID fan I > D ”
@ | Loss of FD fan I > A
N —>
@ | Loss of FD fan I > D
@ | Drum level low I >
Furnace pressure o
high -
(0]
Airflow <25% _|R
full load airflow >
Loss of boiler
circulation >
(if applicable)
Any lance
established
Any solid fuel feeder > ]
established >
(0]
Any warm-up burner - R |—> RESET
established g SET —|_>
All fuel inputs o ] ﬁ
zero 1A D >
N _
Adequate bed - D 3
temperature > NOT > | o}
R
Bed temperature 1
low > A —
N
D

flame not proven

Notes:

3
>

@ | Operator trip I

1. Mandatory automatic trips per 7.6.2.5.2 shown.
2. Two induced draft and forced draft fans are assumed.

FIGURE 7.9.3.1.1(b) Boiler Trip Logic.

Y

fuel trip relays
A

Y

Close all individual
lance safety shutoff
valves
[Figure 7.9.3.1.1(e)]

Y

Close all igniter,
warm-up burner, and
lance header safety
shutoff valves
[Figures 7.9.3.1.1(d)
and 7.9.3.1.1(e)]

Y

Y

Stop all solid fuel and
sorbent feed systems
[Figure 7.9.3.1.1(f)]

Y

To purge logic

Trip electrostatic
precipitators, fired
reheaters, and
other sources of
ignition energy
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Unit airflow ]
greater than
purge rate

Y

All air paths
in purge position

Y

All required
air sources
operating

five-volume or
5-minute purge
(bed fluidized)

Y
oz>»
A

Begin and complete

All feeders tripped

and all safety
shutoff valves closed

Y

No boiler trip
conditions
[See Figure 7.9.3.1.1(b).]

Y

Y

Main fuel,
warm-up burner,
and lance

Y

Y
W)

Y

oz>

Bed fluidized and bed
temperature above
the ignition limit —

Y

FIGURE 7.9.3.1.1(c) Purge Logic.

7.9.3.2.2.2 The loss of an individual induced draft fan or
forced draft fan shall cause an immediate runback in unit fuel
input in order to maintain the airfuel ratio within the re-
quired limits. This shall be permitted to be interlocked or
made a part of the combustion control system.

7.9.3.2.2.3 The signal indicating furnace pressure high
[block 6 in Figure 7.9.3.1.1(b)] shall be interlocked with the
master fuel trip device to protect against abnormal furnace
conditions, such as those resulting from a tube rupture or
damper failure.

7.9.3.2.24 A manual trip switch [block 12 in Figure
7.9.3.1.1(b)] shall be provided for operator use in an emer-
gency and shall actuate the master fuel trip relay directly.

7.9.3.2.2.5* The signal indicating bed temperature low [block
10 in Figure 7.9.3.1.1(b)], as defined in 7.6.1.5.1.6, and the
signal indicating warm-up burner flame not proven (block 11)
shall be interlocked with the master fuel trip device to prevent
the further admission of fuel into the furnace under “no-
flame” conditions.

7.9.3.2.2.6 All Fuel Inputs Zero [block 9 in Figure 7.9.3.1.1(b)].

(A) A mandatory master fuel trip shall occur once any fuel
has been admitted to the unit, all fuel sources are subse-
quently isolated, and bed temperature is less than the main
fuel operating permissive (block 13) as defined in 7.6.2.2.5.

(B) This trip shall be permitted to be reset and bypassed once
the bed temperature exceeds the temperature permissive level
for admitting fuel.
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purge complete

[o=> ]

Permit reset master
fuel trip relay

Y

7.9.3.2.2.7 Other trips as required by 7.6.2.5.2 and additional
automatic master fuel trips required for a particular boiler
design shall actuate the master fuel trip relay.

7.9.3.2.2.8 In all cases following a master fuel trip, operator
initiation of fuel input to the unit shall be required.

7.9.3.2.2.9 Type.

(A) The master fuel trip device shall be of the type that re-
mains tripped until the boiler purge system permits it to reset.

(B) When actuated, the master fuel trip device shall trip all
sources of solid fuel input directly, close all safety shutoff
valves, de-energize all igniter sparks, and de-energize all other
ignition sources within the unit and the flue gas path.

7.9.3.3 Unit Purge. A required purge of the unit shall be
ensured by successful completion of a series of successive
purge-permissive interlocks, which are functionally out-
lined in Figure 7.9.3.1.1(c).

7.9.3.3.1 This series of interlocks shall ensure that the unit
purge has been completed with all sources of fuel admission
proven isolated, all required air sources proven in service, all
air paths in purge position, and no boiler trip conditions in
existence prior to or during the purge cycle.

7.9.3.3.2 Fuel gas system vent valves shall be proven not
closed.

7.9.3.3.3 Where the igniter capacity is 1.5 MW (5 million
Btu/hr) or less, proof of closure of individual igniter safety
shutoff valves by means other than valve position shall be
permitted.
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Igniter “no flame”

Igniter fuel supply
pressure
unsatisfactory

Y

Loss of igniter
atomizing media

Y

Y

Y

Master fuel trip
[Figure 7.9.3.1.1(b)]

1O

Warm-up burner
“no flame”

Warm-up burner
fuel supply pressure
unsatisfactory

Y

Y

Loss of warm-up
burner atomizing
media

Y

Inadequate
combustion air
for warm-up burner

Y

T O

Master fuel trip relay
[Figure 7.9.3.1.1(b)]

Y

Close individual warm-up
burner igniter safety
shutoff valve(s) and

de-energize spark

A

Loss of combustion
air supply fan or
inadequate airflow
to warm-up burners

Y

High or low fuel
supply (metering)
header pressure to
warm-up burners

Y

Close individual
warm-up burner
safety shutoff valve(s)

Y

T O

Low burner pressure
to warm-up burners

Y

Duct burner discharge
temperature high
(if applicable)

Note: Specific fuel systems might not require all the trips shown.

FIGURE 7.9.3.1.1(d) Warm-up Burner Safety Subsystem.

Y

Y

Close warm-up burner
header safety shutoff
valve and igniter header
safety shutoff valve
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Master fuel trip
[Figure 7.9.3.1.1(b)]

Lance bed temperature
permit inadequate
(See 7.9.3.5.)

Bed temperature low
(See 7.9.3.5.1.)

Lance fuel
supply pressure
unsatisfactory
(See 7.9.3.5.3.)

Y

Master fuel trip relay
[Figure 7.9.3.1.1(b)]

Loss of atomizing
media (if required)
(See 7.9.3.5.4.)

Warm-up burners
not proven
(See 7.9.3.5.)

Bed not fluidized
(See 7.9.3.5.5.)

FIGURE 7.9.3.1.1(e) Lance Safety Subsystem.

Solid fuel bed
temperature permit
inadequate
(See 7.9.3.6.)

Master fuel trip
[Figure 7.9.3.1.1(b)]

Bed temperature low
(See 7.9.3.6.1.)

> A
N
,|D 0
> R
I ______ _)
|
| >
_— —
> A o}
N R
D

Solid fuel feed system
component malfunction
(See 7.9.3.6.2.)

Master fuel trip relay
[Figure 7.9.3.1.1(b)]

Close lance
safety shutoff
valve(s)

Y

Y

Warm-up burners
not proven
(See 7.9.3.6.)

Bed not fluidized
(See 7.9.3.6.5.)

FIGURE 7.9.3.1.1(f) Solid Fuel Safety Subsystem.
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7.9.3.3.3.1 Interruption of the furnace purge either by the
master fuel trip interlock logic or through the loss of any re-
quired purge interlocks shall cause the purge sequence to re-
set, and a complete and successful repurge of the unit shall be
required prior to admitting fuel.

7.9.3.3.3.2 Cold Start. During initial start-up (see 7.6.2.1), or if
the bed temperature is less than either the main fuel or the
auxiliary fuel permissives (see 7.6.1.3), a complete purge of the
unit as outlined in Figure 7.9.3.1.1(c) shall be required.

7.9.3.3.3.3* Hot Restart.

(A) If operating conditions at the time of reset are such that
the bed temperature permissives for the main fuel are satisfied
(see 7.6.2.4), a purge bypass shall be permitted.

(B) Fuel oil or gas header leak tests shall not be required
under this condition.

7.9.3.3.3.4 On successful completion of the purge or follow-
ing completion of the purge bypass and reset, the master fuel
trip device shall be reset.

7.9.3.4* Warm-Up Burners. The warm-up burners shall not be
placed in service until the master fuel trip relay has been reset.
[See Figure 7.9.3.1.1(d).]

7.9.3.4.1 Loss of an individual warm-up burner flame shall
initiate the tripping of the individual burner safety shutoff
valve(s) and its individual igniter safety shutoff valve(s) and
shall de-energize associated sparks.

7.9.3.4.2* Incorrect warm-up burner fuel pressure shall be inter-
locked to initiate the tripping of the individual warm-up burner
safety shutoff valve(s) and to de-energize the associated sparks.

(A) Where gas is used for fuel, both high and low pressure
shall be interlocked.

(B) Where oil is used, low pressure shall be interlocked.

(C) Burner fuel pressure shall be monitored to ensure each
warm-up burner is being operated within its capacity and sta-
bility limits as designated by the burner manufacturer and
demonstrated by test.

7.9.3.4.3 For gas-fired warm-up burners, improper gas supply
(metering) pressure shall initiate tripping of the burner
header and individual warm-up burner safety shutoff valves
and igniter header and individual igniter safety shutoff valves
and shall de-energize associated sparks.

7.9.3.4.4 Where oil is used as an igniter fuel with air or steam
for atomization, loss of atomizing media shall trip the igniter
header and individual igniter safety shutoff valves and shall
de-energize the associated sparks. The associated warm-up
burners also shall be tripped if they are in service and no other
proof of flame exists.

7.9.3.4.5 Where oil is used as a warm-up burner fuel with air
or steam for atomization, loss of atomizing media shall trip the
burner header and individual warm-up burner safety shutoff
valves and igniter header and individual igniter safety shutoff
valves and shall de-energize associated sparks.

7.9.3.4.6 A master fuel trip shall trip all warm-up burner
header and all individual warm-up burner safety shutoff valves
and all igniter header and all individual igniter safety shutoff
valves and shall de-energize all associated sparks.

7.9.3.4.7 The master fuel trip relay shall trip all warm-up burner
header and all individual warm-up burner safety shutoff valves
directly and all igniter header and all individual igniter safety
shutoff valves and shall de-energize all associated sparks.

7.9.3.4.8 If individually flow-controlled burners are used and
the fuel flow or airflow falls below the manufacturer’s recom-
mended minimum flow, the burner shall be tripped immediately.

7.9.3.5 Lances. Lances shall not be placed in service until the
master fuel trip relay has been reset and the bed temperature
has reached the ignition temperature for the fuel being fired
in the lance. [See 7.6.1.5.1.6, 7.6.2.1.2(1)(6), 7.7.5.2.1.2(])(4),
and Figure 7.9.3.1.1(e).]

7.9.3.5.1 Loss of the bed temperature permissive shall cause the
individual lance safety shutoff valves to close. (See 7.6.2.2.5.)

7.9.3.5.2 For gas-fired lances, low or high gas supply (meter-
ing) pressure shall initiate tripping of the lance header and
individual lance safety shutoff valves.

7.9.3.5.3 Lance Fuel Pressure.

(A) Lance fuel pressure shall be interlocked to ensure that
each lance is being operated within its capacity as designated
by the lance manufacturer and shall initiate a trip of the indi-
vidual lance safety shutoff valves.

(B) Lance fuel pressure shall be monitored to ensure that
each lance is being operated within its capacity as designated
by the lance manufacturer.

(C) The monitoring of header pressure to multiple lances
with individual flow control capability shall not be construed
to satisfy the requirements in 7.9.3.5.3(A) and 7.9.3.5.3(B).

7.9.3.5.4 Where oil is used as a lance fuel with air or steam for
atomization, loss of atomizing media shall trip the header and
safety shutoff valve(s).

7.9.3.5.5 Loss of airflow to fluidize the bed shall result in a trip
of the lance header and individual lance safety shutoff valves.

7.9.3.5.6 A master fuel trip shall trip all lance header and
individual lance safety shutoff valves.

7.9.3.5.7 The master fuel trip relay shall trip all lance header
and individual lance safety shutoff valves directly.

7.9.3.6 Solid Fuel. The solid fuel feed system shall not be
placed in service until the master fuel trip relay has been reset
and the bed temperature has reached the ignition temperature
of the solid fuel being fired. [See 7.6.1.5.1.6, 7.6.2.1.2(I)(6),
7.6.2.1.2(])(4), and Figure 7.9.3.1.1(f).]

7.9.3.6.1 Loss of the required bed temperature permissive
shall cause all solid fuel feed systems to trip. (See 7.6.2.2.5.)

7.9.3.6.2 Solid fuel feed system operation shall be interlocked
to trip upstream solid fuel feed train components following a
solid fuel system component malfunction.

7.9.3.6.3 Amaster fuel trip shall trip the solid fuel feed system.

7.9.3.6.4 The master fuel trip relay shall trip the solid fuel
feed system directly.

7.9.3.6.5 Loss of airflow needed to fluidize the bed shall re-
sult in a solid fuel trip.

2004 Edition



85-108

BOILER AND COMBUSTION SYSTEMS HAZARDS CODE

7.10 Alarm System.
7.10.1* Functional Requirements.

7.10.1.1 The function of the alarm system shall be to bring
specific abnormal conditions, such as equipment malfunc-
tion, hazardous conditions, and misoperation, to the atten-
tion of the operator. For the purpose of this code, the primary
function of alarms shall be to indicate abnormal conditions
that could lead to impending or immediate hazards.

7.10.1.2 Alarm systems shall be designed so that, for all re-
quired alarms, the operator receives an audible as well as a
visual indication of the condition.

(A) The visual indication shall identify the source or the
cause of the alarm.

(B) Means shall be permitted to silence the audible alarm
after actuation, but the visual indication shall continue until
the condition has been resolved.

7.10.1.3 The design shall make it difficult to manually defeat
the alarm. Where equipment malfunction makes alarm defeat
necessary, it shall be performed by authorized personnel, and
the alarm shall be tagged as inoperative.

7.10.1.4 The design shall eliminate all nuisance alarms to the
extent possible.

7.10.2 Required Alarms. In addition to the alarms required by
7.10.2, the alarms of 7.6.2.5 and 7.9.2.1 shall be provided.

7.10.2.1* General.

(A) High or Low Furnace Pressure. An alarm shall warn the
operator of furnace pressure outside the predetermined
range of normal operation and approaching a trip condition.

(B) Loss of Operating Forced Draft Fan. This condition shall
be sensed and alarmed only when the fan is not operating at
the times expected.

(C) Loss of Operating Induced Draft Fan. This condition
shall be sensed and alarmed only when the fan is not operat-
ing at the times expected.

(D) Boiler Airflow (Low). This condition shall be sensed and
alarmed when total airflow nears the predetermined mini-
mum purge rate.

(E) Loss of Interlock Power. This condition shall be sensed
and alarmed and shall include all sources of power necessary to
complete interlock functions. If multiple sources of power, in-
cluding compressed air, are required for an interlock system,
then loss of each power source shall be annunciated separately.

(F) Loss of Control Power. This condition shall be sensed
and alarmed to include all sources of power, including com-
pressed air, for the combustion control or the fluidized-bed
boiler interlocks detailed in 7.9.3.

(G) Bed Temperature Out of Limits. The bed temperature
shall be monitored and alarmed when it is out of the prede-
termined operating range and when it is approaching a trip
condition.

(H) High Ash Cooler Discharge Material Temperature. An
alarm shall indicate when the material temperature about to
be discharged from the ash cooler reaches a predetermined
high limit.

(I) Low Oxygen. An alarm shall warn the operator when the
oxygen level in the flue gas is below a predetermined value.
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(J) Initiation of Fan Directional Blocking or Runback Action.
An alarm shall indicate when fan override action or direc-
tional blocking is used to adjust the draftregulating control
element in response to a large furnace draft error for furnace
pressure excursion prevention.

(K) Redundant Transmitter Deviations Within the Furnace
Pressure Control System. An alarm shall indicate when any
one of three furnace pressure measurements deviates from
the others.

(L) Axial Flow Fan (If Used) Nearing Stall Line. An alarm
shall indicate when an axial fan operating condition ap-
proaches the fan stall line to permit adjustments to be made to
prevent uncontrolled changes in air or flue gas flow.

(M) Fan Override Action. An alarm shall indicate when the
draft-regulating control element is adjusted automatically as
the result of a large furnace draft error.

7.10.2.2* Fuel Gas.

(A) Fuel Gas Supply Pressure (High and Low). The gas pres-
sure supplied to the plant shall be monitored at a point as far
upstream of the final constant fuel pressure regulator(s) as
practicable.

(B) Fuel Gas Burner Header Pressure (High and Low). Each
burner header served by a single flow control valve shall moni-
tor gas pressure as close to the burners as practicable.

(C) Fuel Gas Meter Pressure (High and Low). The pressure at
the fuel gas meter shall be monitored at the upstream tap if
the fuel gas flowmeter is part of the combustion control system
and is not pressure compensated.

(D) Ignition Fuel Header Pressure (High and Low). Each ig-
nition fuel header served by a single control valve shall moni-
tor gas pressure as close to the igniters as practicable.

(E) Burner Safety Shutoff or Supervisory Shutoff Valves Not
Closed. The closed position of all individual burner safety
shutoff valves and fuel header shutoff valves shall be moni-
tored, and failure of any valve to close shall be alarmed. For
fuel gas systems, the position of all vent valves shall also be
monitored, and failure of any vent valve to leave the closed
position shall be alarmed.

(F) Loss of Combustion Air to Burners. For individually con-
trolled burners, the combustion air to each burner shall be
monitored and alarmed if the burner register is closed, the air
supply fan is tripped, or the airflow is low.

(G) Burner Discharge Temperature (High). The discharge
temperature from a burner, such as a duct burner, that is de-
signed to maintain a desired discharge temperature shall be
monitored and shall be alarmed when the temperature ex-
ceeds the maximum operating temperature.

(H) Loss of Flame. A partial or total loss of a flame envelope
still receiving fuel shall be monitored and alarmed.

(I) Lance Fuel Header Pressure (High and Low). The lance
fuel header pressure shall be monitored as close to the lances
as practicable in order to warn the operator of abnormal pres-
sure in advance of conditions that lead to a trip.

(J) Lance Valve Not Closed. The closed position of all indi-
vidual lance safety shutoff valves and fuel header shutoff valves
shall be monitored, and failure of any valve to close shall be
alarmed. The position of all vent valves shall also be moni-
tored, and failure of any vent valve to leave the closed position
shall be alarmed.
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7.10.2.3%* Fuel Oil.

(A) Main Oil Supply Pressure (Low). The oil supply pressure
shall be monitored at a point as far upstream as practicable.

(B) Fuel Oil Burner Header Pressure (Low). Each burner
header served by a single flow control valve shall monitor oil
pressure as close to the burners as practicable.

(C) Main Oil Viscosity (High). Each burner header served by
a single flow control valve shall monitor oil temperature to
warn that the fuel oil temperature is dropping.

(D) Atomizing Steam or Air Pressure (Low). For steam burn-
ers and air-assisted burners, an alarm shall be provided on
each burner atomizing media header served by a single con-
trol valve to warn that the steam or air pressure is outside the
prescribed operating range.

(E) Igniter Atomizing Steam or Air Pressure (Low). For steam
igniters and air-assisted igniters, an alarm shall be provided to
warn that steam or air pressure is outside the operating range.

(F) Ignition Fuel Header Pressure (High and Low). Each ig-
niter fuel header served by a single control valve shall monitor
pressure as close to the igniters as practicable. For oilfired
igniters, only low ignition fuel header pressure shall be re-
quired to be monitored.

(G) Burner Safety or Supervisory Shutoff Valves Not Closed.
The closed position of all individual burner safety shutoff
valves and fuel header shutoff valves shall be monitored, and
failure of any valve to close shall be alarmed.

(H) Loss of Combustion Air to Burners. For individually con-
trolled burners, the combustion air to each burner shall be
monitored and alarmed if the burner register is closed, the air
supply fan is tripped, or the airflow is low.

(I) Duct Burner Discharge Temperature (High). The dis-
charge temperature from a burner, such as a duct burner, that
is designed to maintain a desired discharge temperature shall
be monitored and alarmed when the temperature exceeds the
maximum operating temperature in order to warn the opera-
tor in advance of the temperature that leads to a trip.

(J) Loss of Flame. A partial or total loss of a flame envelope
still receiving fuel shall be monitored and alarmed.

(K) Lance Atomizing Steam or Air Pressure (Low). To avoid
poor atomization by steam- or air-assisted lances, an alarm
shall be provided to warn that steam or air pressure are out-
side the predetermined operating parameters.

(L) Lance Fuel Header Pressure (High and Low). The lance
fuel header pressure shall be monitored as close to the lances
as practicable in order to warn the operator of abnormal pres-
sure in advance of conditions that lead to a trip.

(M) Lance Valve Not Closed. The closed position of all indi-
vidual lance safety shutoff valves and fuel header shutoff valves
shall be monitored, and failure of any valve to close shall be
alarmed.

7.10.2.4 Solid Fuel.

(A) Solid Fuel Feeder Tripped. An alarm shall indicate when
a feeder has tripped.

(B) Solid Fuel Transport Air Fan Tripped. An alarm shall
indicate when a transport air fan has tripped.

(C) Loss of Solid Fuel. An alarm shall indicate when the
feeder is running and the fuel flow detecting device(s) indi-
cates no fuel flow.

Chapter 8 Heat Recovery Steam Generators

8.1 Application.

8.1.1 Purge requirements in Chapter 8 shall apply to all fired
and unfired heat recovery steam generator (HRSG) systems.

8.1.2 Chapter 8 shall apply to combustion turbines that fire
fuels either alone or in combination, as designed by the com-
bustion turbine manufacturer.

8.1.3 Chapter 8 shall apply to unfired HRSGs and to fired
HRSGs using fuels either alone or in combination, as specified
by the HRSG manufacturer.

8.1.4 Chapter 8 shall not dictate the methods or details of the
combustion turbine manufacturer’s product or control sys-
tem. Chapter 8 shall identify specific functional consider-
ations for proper interfacing related to the safety aspects of
the combined combustion turbine and the HRSG.

8.1.5 Chapter 8 shall not address multiple combustion tur-
bines exhausting into a single HRSG, nor does it address
single or multiple combustion turbines exhausting into mul-
tiple HRSGs through a header. Any system applying this con-
cept shall require special design considerations that are not
addressed in Chapter 8.

8.1.6 This chapter shall be used in conjunction with Chapter 1
through Chapter 4 and requires the coordination of operation
procedures, control systems, interlocks, and structural design.
Where conflicts exist, the requirements of Chapter 8 shall apply.

8.2 Purpose.
8.2.1 The purpose of this chapter shall be as follows:

(1) To contribute to operating safety

(2) To prevent explosions, implosions, and uncontrolled fires
in HRSG sections and exhaust ductwork

(3) To establish minimum requirements for the design, in-
stallation, operation, and maintenance of heat recovery
steam generators and their fuel-burning, air supply, and
combustion products removal systems

(4) To require the coordination of operating procedures and
components, control systems, interlocks, and structural
design

(5) To require the establishment of training programs in
equipment operation and maintenance, for both new and
existing personnel, to ensure that minimum standards for
operation and maintenance are understood and followed

8.2.2% The user of this code shall recognize the complexity of
firing with regard to the type of equipment used and the char-
acteristics of the fuel.

8.2.3 Emphasis shall be placed on the importance of compo-
nent coordination and on knowledge of expected operating
conditions.

8.3 Project Coordination.
8.3.1 General.

8.3.1.1 The ability of the combustion turbine to satisfy the
purge flow requirements through the HRSG enclosure as re-
quired in 8.8.4 shall be confirmed in the basic design phase.
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8.3.1.2 The HRSG system shall be designed to meet the user’s
specified modes of operation.

8.3.1.3 Systems components and control loops shall be com-
patible and capable of stable operation and control during
both steady-state and transient conditions.

8.3.2 Project Inception. In the project inception phase, the
following shall be accomplished to ensure a plant design that
meets expected operating modes and reliability needs:

(1) Establishment of plant operating parameters

(2) Identification of site-related constraints

(3) Review of the steam cycle, including generation of a fam-
ily of heat balance diagrams for the expected operating
ranges and modes

(4) Conceptualization of plant layout to provide for personnel
safety, operability, and maintenance needs

(5) Definition and verification of requirements of worst-case
operating transients, including start-ups

(6) Definition of required test program

(7) Definition of start-up criteria and goals

(8) Identification of the authority having jurisdiction. If mul-
tiple authorities having jurisdiction are identified, the scope
of each authority having jurisdiction must be defined.

8.3.3 Design.

8.3.3.1* The project approach shall include full evaluation of
all systems and components to ensure compatibility, interface
requirements, system dynamics, and the ability to meet all
plant operating parameters.

8.3.3.2% This evaluation shall use dynamic simulation, prior
operating experience, or both before equipment is selected.

8.3.3.3 Electrical area classifications shall be established by
the owner or the owner’s designated representative and shall
be provided to the HRSG system designer prior to commence-
ment of detailed design.

8.3.4* Project coordination, including proper integration of
the various system components, shall be the responsibility of
the owner’s designated representative from system inception
through commercial operation in order to enhance equip-
ment reliability and personnel safety.

8.4 Equipment.

8.4.1 General. Equipment required by this code shall be ap-
proved or shall have a demonstrated history of reliable operation
for the specified service.

8.4.2 Combustion Turbine.
8.4.2.1% Fuel Supply.
8.4.2.1.1 Liquid Fuels.

(A) Two stop valves or equivalent valves in series, with proof
of closure, shall be provided in each fuel line to the combus-
tion turbine.

(B) Means shall be provided to prevent or relieve excess pres-
sure between these valves.

8.4.2.1.2 Gaseous Fuels.

(A) Two stop valves or equivalent valves in series, with proof of
closure, shall be provided in the line to the combustion turbine.

(B) An automatic vent valve shall be provided between the
two valves.
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8.4.2.2* Interlocks.

8.4.2.2.1 The HRSG system required interlocks shall prevent
starting of the combustion turbine unless the HRSG starting
conditions are satisfied, which shall include but not be limited
to the following:

(1) The water levels in drum(s), if provided, are within the
defined start-up range.

(2) The feedwater supply system is available to respond to
demand.

(3) The pressure in steam or water spaces is not high.

(4) The exit temperature of duct burner(s), if provided, is
not high.

(5) The position of stack closure, if provided, is correct.

(6) The pressure in the HRSG enclosure is not high.

(7) The augmented air supply, if provided, is in operation.
(See 8.8.4.2.4.)

8.4.2.2.2* Signals shall be provided to the combustion turbine
control system to initiate a change in the combustion turbine
operating mode if HRSG conditions deviate beyond preset safety
limits, including but not limited to those listed in Table 8.4.2.2.2.

Table 8.4.2.2.2 HRSG Interlock Conditions and Responses

Condition Response

Reduce combustion turbine
load or trip combustion
turbine as required by
HRSG manufacturer.”

Water in drum(s) below
minimum permitted level

Pressure in combustion
turbine exhaust plenum
high

Trip combustion turbine.

Reduce combustion turbine
load or initiate a fired
shutdown of the
combustion turbine.

Position of stack closure (if
provided) not correct (See
8.95.1.2and 8.9.5.1.3.)

“Due to rapid steam pressure rise following a steam turbine trip, drum
water level drops but inventory remains the same. A combustion tur-
bine response to this transient should not be required, and a delay for
the time required immediately after the steam turbine trip to permit
pressure recovery and level restoration should be permitted.

8.4.2.3 Operating Interfaces.

8.4.2.3.1 Combustion turbine loading and low load hold/
soak periods shall be established based on the following HRSG
parameters:

(1) Tube and drum metal temperatures

(2) Differential metal temperatures within a particular com-
ponent (e.g., steam drum)

(3) Rate of change of critical temperatures

(4) Drum water level

8.4.2.3.2 The control system or the operator shall trip the
combustion turbine in the case of an emergency that would
lead to a safety hazard or catastrophic failure after the actions
in 8.4.2.2.2 have been accomplished.
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8.4.3* HRSG Fuel-Burning System.

8.4.3.1 The fuel-burning system shall contain the following
subsystems as applicable:

(1) Fuel supply

(2) Main burner

(3) Igniter

(4) Atomizing media supply (if included)
(5) Combustion products removal

(6) Augmented air supply

8.4.3.2 Each igniter/burner element shall have a purged and
cooled flame detector port embodied in the design.

8.4.4 Fuel Supply.
8.4.4.1 General.

8.4.4.1.1 The fuel supply equipment shall be sized and ar-
ranged to ensure a continuous fuel flow for all operating re-
quirements of the unit, which shall include coordination of
the main fuel control valve, burner safety shutoff valves, and
associated piping volume to ensure against fuel pressure tran-
sients that exceed burner limits for stable flame as a result of
placing burners in service or taking them out of service.

8.4.4.1.2 The fuel supply equipment shall be designed to pre-
vent contamination of the fuel.

(A) Maintenance access to fuel system components shall be
provided.

(B) Drains shall be provided at low points in the piping.

8.4.4.1.3 The fuel supply equipment shall be capable of con-
tinuing the design fuel flow during anticipated exhaust gas
pressure pulsations at the burner.

8.4.4.1.4 The fuel supply equipment shall be designed for
the operating environment and ambient conditions, includ-
ing external conditions such as fire or mechanical damage.

8.4.4.1.5 The integrity of flexible hoses or swivel joints shall
be maintained.

8.4.4.1.6 The fuel piping materials and system design shall be in
accordance with ASME B31.1, Power Piping, or ASME B31.3, Pro-
cess Piping.

8.4.4.1.7* A manual emergency shutoff valve that is accessible
in the event of fire shall be provided in the HRSG area.

8.4.4.1.8 Tightness Test.

(A) Tests of the main safety shutoff valves and the individual
burner safety shutoff valves shall be performed.

(B) Permanent provisions shall be included in the fuel piping
to allow testing for leakage.

8.4.4.1.9 Where provided, individual burner safety shutoff
valves shall be located close to the burner to reduce the volume
of fuel left in the burner lines located downstream of the valves.

8.4.4.2 Additional Requirements for Gaseous Fuels.
8.4.4.2.1* Prevention of Overpressure.

(A) The portion of the fuel supply system upstream of the fuel
control valve shall be designed so as to prevent exceeding design
pressure in the fuel-burning system, even in the event of failure of
the main supply constant fuel pressure regulator(s).

(B) Where full relieving capacity is not installed, the piping sys-
tem shall be designed for the full supply pressure up to and in-
cluding all individual burner and igniter safety shutoff valves.

8.4.4.2.2* Leakage and Ventilation.

(A) Leakage of gaseous fuel into an idle HRSG shall be
prevented.

(B) An atmospheric vent shall be installed between redundant
shutoff valves in any header for the main or igniter gaseous fuel

supply.
8.4.4.3 Additional Requirements for Liquid Fuel.

8.4.4.3.1 In addition to the requirements of NFPA 30, Flam-
mable and Combustible Liquids Code, the fill and recirculation
lines to storage tanks shall discharge below the liquid level to
prevent free fall, which generates static electrical charges and
increases vaporization.

8.4.4.3.2 Strainers, filters, traps, sumps, or other such items
shall be provided to remove harmful contaminants.

8.4.4.3.3 Means shall be provided to prevent or relieve excess
pressure resulting from expansion of entrapped liquid in the
fuel system.

8.4.4.3.4 Relief valve outlets, vents, drains, and telltales shall
be provided with piping to allow safe discharge of liquids or
vapors and shall be designed for the expected range of exter-
nal temperatures and protected against mechanical damage.

8.4.4.3.5 Instrument and control piping and tubing containing
liquid fuel shall be designed for the expected range of external
temperatures and protected against mechanical damage.

8.4.4.3.6 Leakage of liquid fuel into an idle HRSG shall be
prevented.

8.4.4.3.7* Liquid fuel shall be delivered to the burners at a
temperature and pressure recommended by the burner
manufacturer, to ensure that the liquid fuel is at the viscosity
necessary for proper atomization.

8.4.4.3.8 Heated Systems.

8.4.4.3.8.1 If heating of liquid fuel is necessary, it shall be
accomplished without contamination or coking.

8.4.4.3.8.2 Recirculation provisions shall be incorporated for
controlling the viscosity of the liquid fuel to the burners.

(A) Liquid fuel shall be prevented from entering the burner
header system through recirculating valves, particularly from
the fuel supply system of other equipment.

(B) Check valves shall not be used for this purpose in heavy
oil service.

(C) These systems shall be designed and operated to prevent
vapor binding of pumps and interruption of the fuel supply.

8.4.4.3.9 Atomizing media, where required, shall be supplied
free of contaminants and shall meet the requirements of the
burner manufacturer.

8.4.4.3.10 Provisions shall be made to ensure that fuel cannot
enter the atomizing media line at any time.

8.4.4.3.11 The atomizing subsystem shall be designed to allow
cleaning and maintenance.
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8.4.4.4 Burner.
8.4.4.4.1 Ignition.

8.4.4.4.1.1 Igniter parts exposed to combustion turbine ex-
haust gas, radiation, or flame shall be designed and fabricated
of materials capable of withstanding the operating conditions.

8.4.4.4.1.2 Igniters shall be shielded from the effects of the
combustion turbine exhaust gas to ensure a stable flame un-
der all operating conditions.

8.4.4.4.1.3 Maintenance.

(A) Ignition devices shall be removable for maintenance
while the HRSG is in service.

(B) Precautions shall be taken for personnel protection when
removing such parts during operation.

8.4.4.4.1.4 Ignition transformers shall be housed in an enclo-
sure complying with the relevant requirements of NFPA 70,
National Electrical Code, regarding electrical classification and
environment and shall be located adjacent to the igniter.

8.4.4.4.1.5 The ignition transformer shall not be energized
before the HRSG enclosure purge is completed, and shall be
de-energized at the end of the igniter trial for ignition period.

8.4.4.5 Main Burner.
8.4.4.5.1 Burner Elements.

8.4.4.5.1.1 The burner elements shall be designed for opera-
tion with the fuel(s) specified.

8.4.4.5.1.2 The burner shall be designed to produce a stable
flame for its operating range.

8.4.4.5.1.3 Burner parts exposed to turbine exhaust gas, ra-
diation, or flame shall be designed and fabricated of materials
capable of withstanding the operating conditions.

8.4.4.5.1.4 Provision shall be made for visual observation of
the burner flame, including the ignition zone.

8.4.4.5.1.5 Access shall be provided to the burner compo-
nents and hardware.

8.4.4.5.1.6* The main burner subsystem shall be designed so
that the fuel inputs are supplied to the HRSG continuously
during burner operation and within stable flame limits.

8.4.4.5.1.7* Where Class 3 or Class 3 Special igniters are used,
the limits of stable flame for each burner subsystem producing
a separate flame envelope shall be determined by tests.

(A) These tests shall verify that transients generated in the
fuel and combustion turbine exhaust gas subsystems or
maldistribution of the combustion turbine exhaust gas do
not adversely affect the burners in operation.

(B) These tests shall include the expected range of available
fuels.

8.4.4.5.1.8 Where Class 1 or Class 2 igniters are used, the tests in
8.4.4.5.1.7 shall be performed over the operating range where
the system is designed for firing without ignition support.

(A) In addition, the tests in 8.4.4.5.1.7 shall be performed
with the ignition subsystem in service to verify that the igniters
that are furnished meet the requirements of the class specified
in the design.

(B) Any resulting extended turndown range shall be available
only where Class 1 igniters are in service and flame is proven.
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8.4.4.5.2 Additional Burner Requirements for Liquid Fuel.

8.4.4.5.2.1 Provisions shall be made for cleaning of the
burner nozzle and tip.

8.4.4.5.2.2 Provisions shall be included for scavenging the
passages of a liquid fuel burner into the HRSG with that burn-
er’s igniter in service.

8.4.5% Augmented Air.

8.4.5.1 Where provided, the fan(s) supplying augmented air
to the duct burners shall be operated in accordance with the
instructions provided by the duct burner manufacturer, the
supplier of the augmented air system, and the organization
having responsibility for the overall design.

8.4.5.2 On failure of the augmented air supply, means shall
be provided to prevent hot gases from exiting the HRSG
through the augmented air system.

8.5*% HRSG Enclosure.

8.5.1* The HRSG, ducts, and stack shall be sized and arranged
to maintain combustion turbine exhaust gas backpressure
within design limits and to remove the products of combus-
tion at the same rate that they are generated by the fuel-
burning process during operation of the unit.

8.5.2% The HRSG enclosure shall be capable of withstanding
the design pressure without permanent deformation due to
yield or buckling.

8.5.3* HRSG Implosions. For HRSGs that use an induced
draft fan, the HRSG design shall conform to the requirements
of 4.6.1.2.

8.5.4* Expansion.

(A) Expansion provision shall be made for the movement of
the turbine exhaust duct and the HRSG ducts.

(B) These expansion joints shall withstand at least the high-
est design pressure for which either duct is designed.

8.5.5* Fin-Tube Metal Fires.

8.5.5.1 The initial response to a fire inside the HRSG shall
include the removal of all fuel from the combustion turbine
and the HRSG.

8.5.5.2 A procedure shall be provided to contain, confine, or
seal off a fin-metal tube fire and to protect the buildings and
adjacent equipment.

8.5.6 The HRSG ductwork between the combustion turbine
outlet and the duct burners shall be designed to provide dis-
tribution of combustion turbine exhaust gas as required by
the burner manufacturer for stable burner operation.

8.5.7 All HRSG units that utilize liquid and heavier-than-air
gaseous fuels shall have a duct design that meets the criteria of
8.5.7.1 through 8.5.7.3.

8.5.7.1* All low points shall have slopes to ensure that no dead
pockets exist in the bottom of the ducts at points other than a
designed low point.

8.5.7.2* Drains shall be installed at the low points to facilitate
clearing fuel from the HRSG enclosure.

8.5.7.3 Provisions shall be included in the HRSG design and
operation to prevent liquid fuels from being absorbed into the
insulation.
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8.6 Electrical.
8.6.1 Voltages.

(A) Electrical equipment shall be protected against transient
voltages according to the manufacturer’s specification.

(B) Asaminimum, the system shall function at voltages up
to 10 percent above the nominally rated voltage and up to
10 percent below the nominally rated voltage.

8.6.2 All wiring shall comply with the requirements of
NFPA 70, National Electrical Code.

8.6.3 All high voltage equipment shall be marked in accor-
dance with the requirements of NFPA 70, National Electrical Code.

8.6.4* Where an area is identified as a hazardous location as
defined by Article 500 of NFPA 70, National Electrical Code, the
equipment design, the types of enclosures, and the wiring
methods shall be as specified by that code.

8.6.5 The electrical supply to the burner management system
and associated subcircuits shall be protected by circuit break-
ers or fuses.

8.6.6 On initiation of a duct burner master fuel trip, failure
of an electrical power supply shall not impede the shutdown
process.

8.7 Controls, Monitoring, Alarms, and Interlocks.
8.7.1* Control Functions.
8.7.1.1 General.

8.7.1.1.1 A single component failure shall not cause loss of
the control system’s critical functions identified in 8.7.4.3.

8.7.1.1.2 On-Line Maintenance.

(A) Equipmentshall be designed and procedures established
to permit on-line maintenance of the control equipment.

(B) Lockout or tag-out procedures shall be followed.

8.7.1.1.3 Procedures for calibrating and testing of controls
and interlocks shall be provided.

8.7.1.2 Fuel Control.

8.7.1.2.1 Fuel input shall be controlled to maintain stable
firing conditions.

8.7.1.2.2 Remote manual operation shall be permitted.

8.7.1.2.3 Minimum and maximum limits on the fuel input
shall be established to prevent fuel flow beyond the stable lim-
its of the fuel-burning system.

8.7.1.3 Feedwater/Drum Level Control.

8.7.1.3.1 The water level in each drum shall be maintained
automatically.

8.7.1.3.2 Remote manual operation of the feedwater control
device shall be provided.

8.7.2 Monitoring.

8.7.2.1 Information about operating events shall be dis-
played to the operator.

8.7.2.2 Recording or trend displays of critical parameters
listed in 8.7.2.3, taken at intervals no greater than 5 seconds,
shall be provided to the operator at the operator location.

8.7.2.2.1 Where accessed through a video display unit (VDU)
display in response to an alarm condition, the trend displays
shall appear within 5 seconds.

8.7.2.2.2* Where VDU trend displays are used, the displays shall
provide data that are current to within the prior 30 minutes at
minimum, and the data provided shall have been stored when
change exceeds 1 percent of calibrated instrument range.

8.7.2.3* The following HRSG parameters shall be continu-
ously recorded on charts, or the data shall be logged and
trended in accordance with 8.7.2.2.1 and 8.7.2.2.2:

(1) Water level in each steam drum

(2) Fuel pressure at the duct burner(s)

(3) Steam pressure at each pressure level

(4) Duct burner exit temperature before the first tube bank

(5) Atomizing media pressure (for liquid fuels only)

(6) Combustion turbine exhaust gas temperature upstream
of the emissions control catalyst(s)

(7) HRSG flue gas exit temperature

8.7.3 Alarms.
8.7.3.1 Functional Requirements.

8.7.3.1.1 The alarm system shall alert the operator to specific
upset conditions.

8.7.3.1.2 Alarms shall be provided to indicate equipment
malfunction, hazardous conditions, or misoperation.

8.7.3.1.3 Defeating Alarms.
(A) Alarms shall not be manually defeated.

(B) Where equipment malfunction makes it necessary to de-
feat an alarm, it shall be performed by authorized personnel,
and the alarm shall be tagged or logged as inoperative in ac-
cordance with plant operating procedures.

8.7.3.1.4 Audible and Visual Alarms.

(A) Alarm systems shall be designed so that, for the alarms
required by 8.7.3.2, the operator receives audible as well as
visual signals.

(B) The operator shall be permitted to silence the audible
signal.

8.7.3.2 Required Alarms.

8.7.3.2.1 General Alarms. The following alarms shall be
required:

(1) Each interlock trip, alarmed individually
(2) HRSG steam pressure (high) — high HRSG pressure at
each steam pressure level
(8) Loss of interlock power
(4) Loss of control power
(5) Burner (if provided) safety shutoff valves not closed
(6) Steam drum(s) (if provided) water level (low)
(7) Loss of combustion turbine load
(8) Duct burner (if provided) outlet temperature (high)
(9) Flame detector (if provided) cooling air pressure (low)
(10) Loss of augmented air (if provided) supply
(11) Class 1 or Class 2 ignition fuel header (if provided) pres-
sure (high and low)

8.7.3.2.1.1 Loss of interlock power shall be sensed and
alarmed and shall include all sources of power required to
complete interlock functions. For example, if both a 125V dc
electric circuit and a compressed air circuit are required for
an interlock scheme, then loss of either shall be annunciated.
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8.7.3.2.1.2 Loss of control power shall be sensed and alarmed
to include any sources of power for the control systems. For
example, if both a 125 V dc electric circuit and a compressed
air circuit are required for control, then loss of either shall be
annunciated.

8.7.3.2.1.3 The closed position of burner safety shutoff valves
shall be monitored, and failure of any valve to close following a
trip shall be alarmed.

8.7.3.2.2 Additional Alarms for Gaseous Fuels. The following
additional alarms shall be required when gaseous fuels are
being fired:

(1) Supply pressure (high and low)
(2) Burner header pressure (high and low)
(3) Flowmeter pressure (high and low)

8.7.3.2.2.1 The gas pressure supplied to the plant shall be
monitored at a point upstream of the final constant fuel pressure
regulator, main fuel control, and main safety shutoff valves.

8.7.3.2.2.2 The pressure at the gas flowmeter shall be moni-
tored at the upstream tap if the gaseous fuel flowmeter is part of
the combustion control system and is not pressure compensated.

8.7.3.2.3 Additional Alarms for Liquid Fuels.

8.7.3.2.3.1 The following additional alarms shall be required
when liquid fuels are being fired:

(1) Fuel supply pressure (low)

(2) Burner header pressure (low)

(3) Atomizing media pressure (low)

(4) Heated fuel temperature (low) or viscosity (high)

8.7.3.2.3.2 The fuel supply pressure shall be monitored at a
point upstream of the fuel control and safety shutoff valves.

8.7.4 Interlocks.
8.7.4.1 Functional Requirements.

8.7.4.1.1 The HRSG interlocks shall be installed to protect per-
sonnel from injury and to protect equipment from damage.

8.7.4.1.2 The interlock system functions shall limit actions to
a prescribed operating sequence or initiating trip device(s).

8.7.4.1.3 Operating personnel shall be made aware of the
limitations of the interlock system, given that it is possible to
achieve conditions conducive to an explosion without their
detection by any of the mandatory automatic trip devices, even
though such devices are adjusted and maintained.

8.7.4.1.4 Removal of Safety Interlock Device.

(A) Whenever a safety interlock device has been removed from
service for maintenance, testing, or repair, the device shall be
tagged and the action governed by operating procedures.

(B) Other means shall be substituted to supervise the inter-
lock function.

8.7.4.1.5 The design of an interlock system shall include the
following:

(1) Supervision of the starting procedure and operation

(2) Tripping of the minimum amount of equipment in the
required sequence when the safety of personnel or equip-
ment is jeopardized

(3) Indication of the initiating cause of the trip and prevention
of the start of any portion of the process until operating con-
ditions are established
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(4) Coordination of the trip devices into an integrated system
(5) Provisions of instrumentation to enable the operator or au-
tomatic equipment to complete the operating sequence

(6) Provision for preventive maintenance

(7) Interlocks that do not require defeating in order to start
or operate equipment

(8) The independence of mandatory duct burner master fuel
trip sensing elements and circuits from all other control
elements and circuits except as permitted in 8.7.4.1.5.1
and 8.7.4.1.5.2

(9) Prevention of the misoperation of the interlock system due
to an interruption or restoration of the interlock energy

supply
8.7.4.1.5.1 Individual burner flame detectors shall be permit-
ted to be used for initiating duct burner master fuel trip systems.

8.7.4.1.5.2 Combustion turbine exhaust gas flow, combustion
turbine load, airflow measurement, and auctioneered drum
level signals from the HRSG control system shall be permitted
to be used for a master fuel trip, provided all the following
conditions are met:

(1) These interlocks are hardwired into the burner manage-
ment system.

(2) Tripping set points are protected from unauthorized
changes.

(3) Any single component failure of these sensing elements and
circuits does not prevent a mandatory master fuel trip.

8.7.4.1.6 Interlock functions shall be initiated by one or
more of the following:

(1) Switches independent of control functions and signals

(2) Two analog signals with a divergence alarm

(3) Three analog signals employing an auctioneering system
and a divergence alarm or other fault diagnostic alarm

8.7.4.2 Flame Detection.

8.7.4.2.1 Burner Supervision. Each burner element or zone
shall be supervised individually, and on detection of loss of
flame, the associated individual burner safety shutoff valve
shall close automatically.

8.7.4.2.1.1 Redundant Flame Detectors.

(A) Where two flame detectors are fitted to each firing ele-
ment, the flame detectors shall be arranged to alarm on loss of
flame from one detector and to trip the system on loss of flame
from two detectors.

(B) With one detector out of service, the remaining detector
shall trip the system on loss of flame detection.

8.7.4.2.1.2 Flame Detection with Class 1 Igniters.

(A) Where Class 1 igniters are provided, the main burner
flame shall be proven either by the flame detector or by prov-
ing the igniter.

(B) At least one flame detector shall be provided for each
burner to detect the burner flame or igniter flame where a
Class 1 igniter is provided.

8.7.4.2.1.3 Flame Detection with Class 2 Igniters. Burners
with Class 2 igniters shall have at least two flame detectors.

(A) One detector shall detect the main burner flame and
shall not detect the igniter flame.

(B) The second detector shall detect the igniter flame during
prescribed light-off conditions.
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8.7.4.2.1.4 Flame Detection with Class 3 Igniters. Burners with
Class 3 igniters shall have at least one flame detector.

(A) The detector shall detect the igniter flame.

(B) The detector also shall detect the main burner flame
after the igniter is removed from service at the end of the main
burner trial for ignition.

8.7.4.2.1.5 Self-Checking Flame Detector. Where a self
checking flame detector is provided to each burner, a burner
trip shall occur if the detector exhibits a self-check fault.

(A) Where two self-checking flame detectors are fitted to each
burner, the flame detectors shall alarm on loss of flame or the
self-check failure of one detector and shall trip the burner on loss
of flame or the self-check failure of two detectors.

(B) With one detector out of service, the remaining detector
shall trip the burner on loss of flame or self-check failure.

8.7.4.2.2 Where a hazardous condition results from loss of
flame in more than one burner element or zone, a duct
burner master fuel trip shall be initiated.

8.7.4.2.3 Regardless of the number or pattern of flame loss
indications used for tripping, flame loss indication on a firing
element shall initiate an alarm because any fuel input that
does not ignite and burn creates a hazard.

8.7.4.2.4 Field testing shall be required to validate basic func-
tions of flame tripping.

(A) These tests shall be performed on representative units.

(B) These tests shall not be used to replace an acceptance test
related to proof of design, function, and components.

8.7.4.2.5 Field tests shall be performed to establish optimum
sighting angles of firing elements or igniters and to check the
angular range of the flame detector in relation to the firing
elements or igniters.

8.7.4.3 Duct Burner Master Fuel Trip. For an operating duct
burner, including the start-up or shutdown sequences, a
duct burner master fuel trip shall be initiated by the follow-
ing conditions:

(1) Low fuel pressure

(2) Combustion turbine exhaust or fresh air (if provided)
flow across the duct burner that drops below the mini-
mum required for operation of the duct burner as speci-
fied by the burner manufacturer or as proven by trial; it
is permitted to infer this flow from the operating status
of the combustion turbine, fresh air fan (if provided),
and damper(s) (if provided) position(s)

(3) Combustion turbine trip except for systems operating as
defined in 8.10.2.4

(4) Loss of all burner flame other than during a normal duct
burner shutdown sequence

(5) Partial loss of flame determined to create a hazardous accu-
mulation of unburned fuel at any burner element or zone

(6) Loss of duct burner element(s) resulting in incorrect ele-
ment firing configuration, in accordance with 8.8.5.8.3.2

(7) Light-off failure of first burner in multiple burner op-
eration

(8) Failure to prove a safety shutoff valve closed on com-
mand to close

(9) Closing of last individual burner safety shutoff valve other
than during a normal duct burner shutdown sequence

(10) High fuel pressure

(11) Low water level on high pressure section of HRSG

(12) Loss of energy supply for boiler control, burner manage-
ment, or interlock system

(13) Low atomizing media (if provided) supply pressure

(14) Detection of burner management system malfunction

(15) Manual trip [See 4.6.3.2.4(8).]

(16) Loss of augmented air supply where the operation of the
duct burner requires augmented air

(17) Fresh air (if provided) transfer failure (See 8.10.2.4.)

(18) Expired external watchdog timer time (See 4.6.3.2.9.)

8.7.5 Burner management system logic shall be maintained
either in nonvolatile storage or in other memory that retains
information on the loss of system power.

8.8 Purge, Start-up, Operation, and Shutdown of HRSG
Systems.

8.8.1* General.

8.8.1.1 The requirements of Section 8.8 shall apply where gas-
eous or liquid fuels are being burned in HRSG systems, and these
requirements shall include interlocks for ensuring prescribed ac-
tion, burner management system trips, flame detection, and an
indication of the status of the operating sequences.

8.8.1.2 In addition, the requirements of Section 8.8 shall ap-
ply to the design, installation, and operation of duct burners
in HRSG systems. No specific degree of automation beyond
the minimum specified safeguards is defined or shall be re-
quired, because this is subject to factors such as, but not lim-
ited to, physical size of the unit, use of the central control
room, degree of reliability required, and experience level of
operating personnel.

8.8.1.2.1 A trained operator with access to control equip-
ment shall be stationed to perform the required actions to
ensure operation in accordance with the manufacturer’s
recommendations.

8.8.1.2.2 The start-up of the burner as a first-time function
shall be accomplished by an operator at the burner location
who has a direct view of the burner.

8.8.1.2.3 Recycling of the burner in response to steam demand
shall be permitted to be an automatic sequence, provided the
combustion turbine has not tripped.

8.8.1.2.4 Equipment shall be provided to control HRSG inputs
to maintain stable flame throughout the full operating range in
accordance with the manufacturer’s recommendations.

8.8.2 General Operating Requirements.

8.8.2.1 Prior to Starting. Prior to the starting of a unit, action
shall be taken to prevent fuel from entering the HRSG system.

8.8.2.2 Ignition.

(A) The associated igniter for a duct burner shall always be
used unless the burner is specifically designed to be lit from an
adjacent burner.

(B) Burners shall not be lit from any hot surface.

8.8.2.3 Low Capacity Fuel Pressure. Where operating at low
capacity, duct burner fuel pressure shall be maintained above
the minimum pressure for stable flame by reducing the num-
ber of burners in service as necessary.

8.8.2.4* Gaseous Fuel. Before maintenance is performed on
the fuel header, it shall be purged.
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8.8.2.5* Liquid Fuel. Before maintenance is performed on the
fuel header, it shall be drained and purged.

8.8.2.6 Liquid Fuel — Scavenging of Liquid Fuel Burner
Passages.

8.8.2.6.1 Burner passages shall not be scavenged into a non-
operating HRSG.

8.8.2.6.2 Combustion turbine exhaust flow shall be function-
ing and shall be maintained during the scavenging process.

8.8.2.6.3 Igniters, with ignition established, shall be in service
when scavenging fuel passages into the HRSG.

8.8.2.7 Sequencing.

8.8.2.7.1 Sequencing shall be required to ensure that operat-
ing events occur in the prescribed order.

(A) Written procedures shall be provided to sequence the
start-up and shutdown of the HRSG system in accordance with
this code and with the manufacturer’s recommendations.

(B) Sequencing also shall be utilized when burners are being
removed from operation or when burners are being added to
operation.

8.8.2.7.2*% The start-up and shutdown sequences outlined in
Section 8.8 shall be followed.

8.8.2.7.3* Placing Duct Burners into Service.

(A) Duct burners shall be placed in service and removed
from service in a sequence specified by operating instructions
and verified by actual experience with the unit.

(B) Duct burners shall be placed in service with fuel flow as
recommended by the manufacturer.

8.8.2.7.4 If the fuel pressure at the burner header is used as a
guide in maintaining the necessary fuel flow per burner, it
shall be maintained automatically within prescribed limits as
additional burners are placed in service.

8.8.2.7.5 Duct burners shall be operated in accordance with
the manufacturer’s specifications and operating procedures.

8.8.2.7.6 This procedure shall incorporate the following op-
erating objectives:

(1) Purge shall be completed in accordance with 8.8.4 and
8.8.5.

(2) No light-off of the duct burner(s) shall occur until after
the combustion turbine has established stable operation
with an exhaust gas flow not less than that necessary for
duct burner operation.

8.8.2.7.7 Each unit shall be tested during commissioning to
determine whether any modifications to the basic procedures
are needed to obtain reliable ignition and system operation.

8.8.2.7.8 The unit shall be operated within the specified pa-
rameters, and any modifications or deviations shall be made
only after the need for such changes has been determined by
operating experience and system review.

8.8.3 Cold Start Preparation. Preparation for starting shall re-
quire an inspection that includes the following:

(1) Aunit free of foreign material and not in need of repair

(2) Aunit inspected for accumulated liquid fuel, and draining
and cleaning performed if such accumulation is present

(3) All personnel evacuated from the unit and associated
equipment and all access and inspection doors closed

2004 Edition

(4) All combustion turbine fuel stop valves (or equivalent) and
duct burner and igniter safety shutoff valves proved closed
by valve position and all ignition sources de-energized

Exception: Where the igniter capacity is 1.5 MW, (5 million Btu/hr)
or less, proof of closure of igniter safety shutoff valves by means other
than valve position shall be permitted.

(5) Gaseous fuel system vents open and venting to an out-
side location that does not present a hazard; fuel lines
drained of condensate

(6) Circulating valves open to provide and maintain liquid
fuel flow in the burner headers

(7) Prescribed drum water levels established in natural and
forced circulation HRSGs and prescribed flow estab-
lished in forced circulation and once-through HRSGs

(8) Burner elements and igniters positioned in accordance
with manufacturer’s specification

(9) Energy supplied to control systems and to interlocks

(10) Meters or gauges indicating fuel header pressure to the
unit

(11) Instrumentation tested and functional

(12) A complete functional check of the interlocks performed
after an overhaul or other interlock-related maintenance

(13) Verification of an open flow path through the HRSG system

8.8.4 Combustion Turbine Purge and Light-Off.

8.8.4.1* Combustion Turbine Purge. The purge of the com-
bustion turbine shall be in accordance with the manufactur-
er’s instructions and with the requirements of 8.8.4.2.

8.8.4.2 Initial Combustion Turbine Purge and Light-Off.
8.8.4.2.1 Purge Volume.

(A) Purge prior to the light-off of the combustion turbine
shall be accomplished by at least five volume changes and for a
duration of not less than 5 minutes.

(B) This volume shall be calculated based on the following:

(1) The combustion turbine operating at full load with no
supplementary HRSG firing

(2) The volume from the combustion turbine inlet to the por-
tion of the HRSG where the combustion turbine exhaust
gas temperature is reduced to at least 56°C (100°F) below
the lowest autoignition temperature of the fuel(s) for
which the system has been designed

(C) Inno case shall the volume in 8.8.4.2.1(B) (2) be less than
the volume of the HRSG enclosure between the combustion
turbine outlet and the outlet of the first evaporator section in
the HRSG.

8.8.4.2.2 Purge Rate.

(A) The purge rate shall provide the required velocity in the
connecting duct and the HRSG enclosure to ensure dilution
and removal of combustible gases prior to turbine light-off.

(B) The adequacy of this purge rate shall be demonstrated by
one of the following methods:

(1) During the purge of the combustion turbine, a flow rate
of not less than 8 percent of full-load mass airflow is pro-
vided through the HRSG, regardless of damper leakage
or degradation in the HRSG enclosure.

(2)*An engineering model of the system from the outlet of
the turbine to the outlet of the HRSG has been created,
and purge adequacy has been demonstrated with flow
testing performed at the equivalent purge conditions.
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(3) An HRSG system burning fuel(s) of equal density and
with the same ductwork and stack geometry has been in-
stalled and has a documented history of successful start-
ups performed in accordance with the manufacturer’s
recommendations and without occurrences of uncon-
trolled combustion of fuel accumulations in the HRSG
enclosure during turbine light-off.

(4) Provision of combustible gas analyzers that would prevent
start-up of the combustion turbine if combustible gas con-
centrations greater than 25 percent of the lower explosive
limit (LEL) exist in the HRSG.

8.8.4.2.3 In the event that the combustion turbine cannot
meet the requirements of 8.8.4.2.2, alternative or supplemen-
tary means to satisfy the flow requirements through the HRSG
enclosure shall be provided.

8.8.4.2.4 Where augmented air firing is provided, a means shall
be supplied for interlocking and purging the augmented air sys-
tem prior to initiating, and during, the combustion turbine
purge.

8.8.4.3 Failure to Start. On failure to start, retrial of the com-

bustion turbine start shall be permitted following a repurge in
accordance with 8.8.4.2.

8.8.4.3.1 When operating experience indicates there are prob-
lems in combustion turbine light-off, the light-off attempts shall
be terminated and the cause investigated and corrected.

8.8.4.3.2 When any liquid fuel or gaseous fuel that is heavier
than air is being fired, verification shall be made that the low
point drains are clear of fuel.

8.8.4.3.3 The second trial to start the combustion turbine
with the same or alternate fuel shall be permitted following a
repurge in accordance with 8.8.4.2.

8.8.4.3.4 Subsequent trials to start the combustion turbine
with the same or alternate fuel shall be permitted following a
repurge in accordance with 8.8.4.2 and after proving that com-
bustibles have been removed.

8.8.4.3.5 In the analysis for combustibles, the sampling
point(s) shall be selected on the basis of the following:

(1) Fuel(s)
(2) HRSG configuration
(3) Stratification of gases

8.8.4.4 Light-Off Airflow. After the purge has been com-
pleted, the airflow through the combustion turbine shall be
permitted to be dropped below the purge rate if required by
the design to accomplish combustion turbine ignition.

8.8.4.5 Loading of Combustion Turbine.

(A) After successful light-off of the combustion turbine, the
combustion turbine shall be brought to speed and loaded as
necessary to meet system demands.

(B) The loading of the combustion turbine shall be per-
formed in accordance with the manufacturer’s requirements
and with any restrictions imposed by HRSG parameters.

8.8.5 Duct Burner Purge and Light-Off.

8.8.5.1 The duct burner purge shall be accomplished with a
flow utilizing air or combustion turbine exhaust at not less than
25 percent of fullload mass flow rate or the minimum flow nec-
essary for operation of the duct burners, whichever is greater.

8.8.5.2 The duct burner purge shall accomplish at least eight
volume changes of the HRSG enclosure, after combustion tur-
bine exhaust flow rate has been achieved in accordance with
8.8.5.1.

8.8.5.3 Purge prior to light-off of the combustion turbine
shall not be considered a duct burner purge unless the re-
quirements of 8.8.5.1 and 8.8.5.2 have been satisfied.

8.8.5.4 Augmented Air System Purge.

8.8.5.4.1 Where augmented air firing is provided, the aug-
mented air plenum and associated ductwork shall be purged
into the HRSG enclosure.

8.8.5.4.2 This purge shall be performed in addition to the
duct burner purge required in 8.8.5.2.

8.8.5.5 A duct burner trip or failure to light off duct burners
successfully shall require a repurge in accordance with 8.8.5.1
and 8.8.5.2 prior to attempting a relight.

8.8.5.6 Duct Burner Purge Credit.

8.8.5.6.1 Aduct burner purge shall be considered to have been
achieved, provided the duct burner purge rate is maintained and
all duct burner purge requirements have been satisfied.

8.8.5.6.2 The duct burner shall be permitted to be lit or a
normal shutdown made provided that credit for the purge is
maintained.

8.8.5.6.3 Failure of the duct burner purge rate to be main-
tained or failure to meet any duct burner purge requirement
shall require a repurge in accordance with 8.8.5.1 and 8.8.5.2.

8.8.5.6.4 The mass flow of combustion air to the duct burner
system shall be maintained at or above its purge rate and
within the duct burner design operating range during all op-
erations of the duct burner system.

8.8.5.7 Testing igniters for duct burners shall be conducted
in accordance with the following:

(1) Operational tests of each igniter shall be made.

(2) The frequency of testing shall be based on the design and
operation history of each individual HRSG and ignition
system.

(3) The test shall be made during each start-up following an
overhaul or other igniter-related maintenance.

(4) Individual igniters or groups of igniters shall be permitted to
be tested while the unitis in service. Such tests shall be made
with no main fuel present in the igniter’s associated burner.

8.8.5.8% Starting Sequence. The operating sequences de-
scribed in 8.8.5.8 shall be used for multiple element duct
burners operated independently of each other.

8.8.5.8.1 For installations with a duct burner (single element
or multiple element) operated as a single unit, the applicable
procedures outlined in 8.8.5.8.3 shall be followed.

8.8.5.8.2 The starting sequence shall be as required in
8.8.5.8.2(A) through 8.8.5.8.2(]).

(A) All duct burner and igniter safety shutoff valves shall be
proven to be closed in accordance with 8.8.3(4).

(B) The main fuel header and the igniter fuel header shall be
pressurized up to the individual burner and igniter safety shutoff
valves in accordance with established operating procedures.
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(C) The individual igniter safety shutoff valve(s) shall be
opened, and the ignition transformer(s) shall be energized
with the following conditions observed:

(1) If an igniter’s flame is not proven within 10 seconds after
its igniter safety shutoff valve has been opened, its safety
shutoff valve shall be closed.

(2) The cause of failure to ignite shall be determined and
corrected.

(3) With turbine exhaust flow maintained, repurge shall not
be required, but at least 1 minute shall elapse before a
retrial of any igniter(s) is attempted.

(D) The main fuel control valve shall be set to and proven to
be at the burner light-off position.

(E) Where igniter flames are proven, the individual burner
safety shutoff valve(s) shall be opened under the following
conditions:

(1) Ifno burner flame is proven within 5 seconds after main fuel
enters the duct, a duct burner master fuel trip shall occur.

(2) Where flame is not proven on an individual burner, that
individual burner’s safety shutoff valve and individual ig-
niter safety shutoff valve shall close.

(3) The cause for failure to ignite shall be determined and
corrected.

(4) Atleast 1 minute shall elapse before the next light-off is
attempted.

(F) After each stable burner flame is proven, the igniter shall
be shut off unless classified as Class 1 or Class 2. The stability of
the burner flame shall be verified.

(G) The associated igniter for a burner shall be used to light the
burner unless the burner is specifically designed to be lit from an
adjacent burner. Burners shall not be lit from any hot surface.

(H) Second or succeeding igniters shall be lit in accordance
with 8.8.5.8.2(C).

(I) Second or succeeding burners shall be lit in accordance
with 8.8.5.8.2(E). The main fuel control valve shall not be
modulated when second or succeeding burners are being
brought into service.

(J) After each successive burner light-off, the operator shall
verify the flame stability of all operating burners.

8.8.5.8.3 Single Burner Operations.

8.8.5.8.3.1 Single burner operation shall be allowed when
the burner elements have individual safety shutoff valves.

8.8.5.8.3.2 An operating procedure shall be developed to
prescribe the number(s) and location(s) of burner elements
allowed to be out of service as defined by the HRSG and duct
burner manufacturers.

8.8.6 Normal Operation.

8.8.6.1 The combustion turbine load, exhaust flow and tem-
perature, and duct burner firing rate shall remain within the
acceptable range as determined by the HRSG manufacturer
during all operating modes.

8.8.6.2 The HRSG steaming rate shall be regulated by combus-
tion turbine loading and duct burner exhaust temperature.

8.8.6.3 The firing rate shall be regulated by varying the fuel
to individual burners by means of a fuel control valve (s) or by
staged firing where burners are brought in or taken out of
service.
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8.8.6.3.1 Individual burner safety shutoff valves shall not be
used to vary the fuel rate of the burner elements.

8.8.6.3.2 All safety shutoff valves shall be fully open or com-
pletely closed.

8.8.6.4 The burner fuel shall be maintained within a range
between the maximum and minimum limits specified by the
burner and HRSG manufacturers or as determined by trial.

8.8.6.4.1 These trials shall test for minimum load and for
stable flame as follows:

(1) With all burners in service and combustion control on
automatic

(2) With different combinations of burners in service and
combustion control on automatic

8.8.6.4.2 When changes occur to the minimum and maxi-
mum limits because of various burner combinations and fuel
conditions, retesting shall be required.

8.8.6.5 On loss of an individual burner flame, that burner’s
individual safety shutoff valve and the associated igniter safety
shutoff valve shall close.

8.8.7 Normal Shutdown.

8.8.7.1 Burners shall be shut down sequentially by closing the
individual burner safety shutoff valves or in unison by closing
all safety shutoff valves.

8.8.7.2 The duct burners shall be taken out of service with
verification that the safety shutoff valves are secured in the
closed position.

8.8.7.3 When the unit (combustion turbine and duct
burner) is being taken out of service, the combustion turbine
load shall be reduced in accordance with the manufacturer’s
shutdown procedures.

8.8.7.4 Required steam flow shall be maintained through the
superheater.

8.8.7.5 Leakage of fuel into the unit shall be prevented.
8.8.8 Normal Hot Restart.

8.8.8.1 When a hot combustion turbine is restarted, the re-
quirements for cold start preparation as described in 8.8.3(4)
through 8.8.3(10) and 8.8.3(13) shall be followed.

8.8.8.2 The starting sequences of 8.8.4 and 8.8.5 shall be
followed.

8.8.9 Duct Burner Emergency Shutdown.

8.8.9.1 Aductburner master fuel trip shall be initiated by the
conditions identified in 8.7.4.3.

8.8.9.2 Gaseous Fuel.

8.8.9.2.1 Aductburner master fuel trip shall stop all fuel flow
to the HRSG from all burners by tripping the main and indi-
vidual burner safety shutoff valves.

8.8.9.2.2 All vent valves shall be opened.

8.8.9.2.3 The igniter safety shutoff valves and individual ig-
niter safety shutoff valves shall be tripped and igniter sparks
de-energized.

8.8.9.2.4 Duct burner master fuel trips shall operate to stop
all fuel flow to the burners.
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8.8.9.3 Liquid Fuel.

8.8.9.3.1 Aduct burner master fuel trip shall stop all fuel flow
to the HRSG from all burners by tripping the main and indi-
vidual burner safety shutoff valves.

8.8.9.3.2 The igniter safety shutoff valves and individual ig-
niter safety shutoff valves shall be tripped and igniter sparks
de-energized.

8.8.9.3.3 Duct burner master fuel trips shall operate to stop
all fuel flow to the burners.

8.8.9.4 The burners shall not be reignited until the initiating
trip condition has been investigated and corrected and a duct
burner purge has been completed.

8.9 Combustion Turbine Exhaust Bypass Systems.
8.9.1* General.

8.9.1.1 The requirements of Section 8.9 shall apply to HRSG
systems equipped with HRSG isolation and bypass dampers or
a diverter damper.

8.9.1.2 Because the application of dampers in HRSG systems
adds to the complexity of the systems and presents hazards
that cause additional safety and property damage exposures,
the owner or owner’s representative shall evaluate the hazards
of the proposed configuration.

8.9.1.3 The owner or owner’s representative shall apply safe-
guards to reduce the exposures identified in 8.9.1.2.

8.9.1.4 The hazard evaluation and proposed measures to re-
duce the hazards shall be documented and kept on file for
review.

8.9.1.5 Requirements of Chapter 1 and Chapter 4 and pre-
ceding sections of Chapter 8 shall be applied, unless amended
by Section 8.9 or by the hazard evaluation.

8.9.1.6 The owner or owner’s representatives shall address
the implications of the following hazards associated with
damper applications:

(1) Due to the physical size, shape, and mass, a damper can-
not be assumed to fully seal a combustion turbine exhaust
gas flow path.

(2) Aleaking fuel valve or a combustion turbine false start will
result in an explosive mixture in the HRSG on either or
both sides of a damper during shutdown periods.

(3) Failure to purge an explosive mixture prior to introduction
of hot turbine exhaust gas will result in ignition of the mix-
ture. Even at full speed and no load, the combustion turbine
exhaust temperatures can be above the autoignition tem-
peratures for combustion turbine and HRSG fuels.

(4) Systems using two stacks (HRSG and bypass), with or with-
out dampers, tend to induce a reverse flow of fresh air
through the HRSG as a result of the high temperature
combustion turbine exhaust gas flow up the bypass stack.

(5) Failure of damper-operating mechanisms will allow in-
stantaneous reversal of damper position (from open posi-
tion to closed position and vice versa) due to aerodynamic
effects with the following results:

(a) Sudden closure of an operating combustion turbine
free exhaust path will result in high transient duct
internal pressures.

(b) These high pressures can cause distortion of the HRSG
enclosure and rupture of the duct expansion joints.

(6) Combustion turbine exhaust temperatures are high enough
to ignite and sustain the basic iron fire oxidation reaction.

8.9.2 Purge.
8.9.2.1 Unfired HRSG.

8.9.2.1.1 Apurge of both the HRSG enclosure and the bypass
system shall be completed as required in 8.8.4 prior to the
admission of combustion turbine exhaust gas into the HRSG.

8.9.2.1.2 Following the purge as required in 8.9.2.1.1, it shall
be permitted to interrupt the flow through the HRSG using
the bypass stack.

8.9.2.1.3 Combustion turbine exhaust flow shall be permit-
ted to re-enter the HRSG at a later time without repurging,
provided the combustion turbine has been in continuous op-
eration with no trips or misfires.

8.9.2.1.4 Where HRSG isolation is maintained, the combus-
tion turbine shall be permitted to purge and operate with
combustion turbine exhaust through the bypass stack.

8.9.2.1.4.1 When HRSG isolation is removed, a purge of the
HRSG enclosure shall be performed as required by 8.9.2.1.1.

8.9.2.1.4.2 After the purge of 8.9.2.1.4.1, an interruption as
allowed by 8.9.2.1.2 shall be permitted.

8.9.2.1.4.3 In the event that HRSG isolation is disabled and the
combustion turbine can continue to be operated with an exhaust
temperature at least 56°C (100°F) lower than the autoignition
temperature of fuels designed for use in the specific combustion
turbine, the combustion turbine exhaust gas at this lower tem-
perature shall be permitted to be used to purge the HRSG.

8.9.2.2 Fired HRSG.

8.9.2.2.1 Apurge of both the HRSG enclosure and the bypass
system shall be completed as required in 8.8.4 prior to the
admission of combustion turbine exhaust gas into the HRSG.

8.9.2.2.2 Where HRSG isolation is continuously maintained,
the combustion turbine shall be permitted to purge and oper-
ate with combustion turbine exhaust through the bypass stack.

8.9.2.2.2.1 When HRSG isolation is removed, a purge of the
HRSG enclosure shall be performed as required by 8.9.2.2.1.

8.9.2.2.2.2 In the event that HRSG isolation is disabled and
the combustion turbine can continue to be operated with an
exhaust temperature at least 56°C (100°F) lower than the au-
toignition temperature of fuels designed for use in the specific
combustion turbine and duct burner, the combustion turbine
exhaust gas at this lower temperature shall be permitted to be
used to purge the HRSG.

8.9.2.2.3 If damper(s) operation or other cause(s) results in
the exhaust mass flow through the HRSG falling below the
purge rate required in 8.8.5, a repurge as required in 8.8.5
shall be performed prior to lighting the duct burner.

8.9.2.2.4* When it is desired to bypass the HRSG for a period
of time and then return the HRSG to service by means of
damper positioning without a power interruption, a continu-
ous flow of at least the purge rate of exhaust or fresh air shall
be maintained through the HRSG when the combustion tur-
bine is operating.

8.9.2.3* Returning HRSG to Service. When combustion tur-
bine exhaust flow is to be reintroduced to the HRSG through
operation of the stack diverter damper, the combustion tur-
bine load and damper sequence of operation shall be consid-
ered by the HRSG manufacturer.
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8.9.3 Dampers.

8.9.3.1 The requirements of 8.9.3 shall apply regardless of
physical hardware [i.e., single-bladed diverting damper, two sepa-
rate dampers (single or multiblade) for isolation or bypass ser-
vice, or multiple dampers in series with seal air provision].

8.9.3.2 Damper System.

8.9.3.2.1 The bypass damper failure mode shall be determined,
and the exposed system shall be capable of withstanding the re-
sultant pressure.

8.9.3.2.2 A means shall be provided for recognizing leakage
of combustion turbine exhaust gas past a closed damper and
into the HRSG enclosure.

8.9.3.2.3 Where leakage is detected, the HRSG shall be purged
at a temperature at least 56°C (100°F) below the autoignition
temperature of the fuel before hot combustion turbine gases are
allowed to enter the HRSG enclosure.

8.9.3.2.4 Where leakage results in an HRSG enclosure tem-
perature above the temperature required to ignite and sustain
an iron fire oxidation reaction (see 8.5.5), safeguards shall be
taken to maintain water supply to the HRSG for tube cooling.

8.9.3.2.5 When HRSG isolation or diverter dampers are uti-
lized, duct burner liquid fuel elements shall be scavenged
prior to isolation of the HRSG.

8.9.3.2.6 HRSG isolation shall be provided if either of the
following operating conditions are encountered:

(1) Work within the HRSG enclosure is necessary while the com-
bustion turbine is exhausting through the bypass stack.

(2) The HRSG is devoid of water while the combustion tur-
bine is exhausting through the bypass stack except when
the HRSG is specifically designed by the HRSG manufac-
turer to run dry.

8.9.3.2.7 The HRSG enclosure shall be proven free of com-
bustible materials, or the HRSG enclosure that is downstream
of the HRSG isolation damper shall be purged to meet the
requirements of 8.8.4.

8.9.3.2.8 Where shutoff dampers are utilized, a means to pre-
vent combustible fuel accumulation upstream of the damper
shall be provided.

8.9.3.2.9 When HRSG isolation has been implemented, all
fuel sources to the duct burner shall be secured using lockout
and tag-out procedures.

8.9.3.2.10 During scheduled maintenance outages, the owner
or operator shall perform the following inspections and tests:

(1) Inspect the damper system for tightness when the damp-
er(s) is fully closed.

(2) Check the damper operating devices for correct operation.

(3) Veritfy correct damper system positioning by functional
test during purge, start-up, and shutdown.

8.9.4 Monitoring.

8.9.4.1 In addition to the requirements in 8.7.2.3, the posi-
tion of the damper(s) shall be continuously monitored.

8.9.4.2 In addition to the required alarms in 8.7.3.2, reverse
flow through an HRSG (airflow from exhaust stack through an
HRSG to bypass stack) shall be alarmed if the bypass damper

system can be maintained in an intermediate position.
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8.9.5 Interlocks.
8.9.5.1 Stack Closure Interlocks.

8.9.5.1.1 To satisfy the stack closure correct interlock [see
8.4.2.2.1(5)], one of the following conditions shall be met:

(1) The bypass damper proven open and the HRSG isolation
damper closed

(2) Both the HRSG isolation damper and the stack damper
(if provided) proven open

(3) Diverter damper proven open to atmosphere

(4) Diverter damper proven open to HRSG and stack damper
(if provided) proven open

8.9.5.1.2 To satisfy the stack closure not correct interlock (see
8.4.2.2.2), either of the following conditions shall be met:

(1) The bypass damper proven closed and the HRSG isolation
damper (and stack damper if provided) not proven open

(2) Where a stack damper is provided, the diverter damper
proven open to HRSG and stack damper not proven open

8.9.5.1.3 Where the bypass damper, or the HRSG isolation
damper and the stack closure damper, is designed to open to
prevent pressurization above the design limit of the combus-
tion turbine exhaust system, a stack closure interlock shall not
be required.

8.9.5.2 A duct burner master fuel trip shall be initiated if the
bypass damper (if provided) is not proven closed or if the di-
verter damper (if provided) is not proven fully open to the
HRSG. [See 8.7.4.3(2).]

8.9.5.2.1 If the HRSG system is designed for duct burner op-
eration with intermediate damper position(s), minimum ex-
haust flow or incorrect damper position shall be interlocked
to initiate a duct burner master fuel trip.

8.9.5.2.2 This position shall be proven by a limit switch and
documented during commissioning.

8.10¥ Combustion Turbine and HRSG with Fresh Air Firing
Capability.

8.10.1* General.

8.10.1.1 Fresh air firing (with or without preheating) shall be
permitted, provided that the HRSG flow path is reconfigured
with dampers and airflow is generated with either a forced
draft fan or an induced draft fan.

8.10.1.2 The volume or mass airflow shall not be required to
be equal to the combustion turbine exhaust flow.

8.10.1.3 The requirements of Section 8.10 shall apply to fresh
air firing operation regardless of equipment configuration.
The requirements of Section 8.9 shall apply except where
amended in Section 8.10.

8.10.1.4 Under no circumstances shall a fresh air fired HRSG
be considered a boiler as defined by 3.3.19 of this code.

8.10.2 Operational Considerations.

8.10.2.1 Because of the lack of standardization of fresh air
firing configurations and because of the potential for injury if
the system malfunctions, each system’s operational failure
modes shall be analyzed and safeguards provided.

8.10.2.2 FEach system’s operating mode shall be evaluated to
ensure safe operation during transfer from combustion tur-
bine operation to fresh air firing mode and from fresh air
firing mode to combustion turbine mode.
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8.10.2.3 For fresh air firing, the owner or the owner’s desig-
nated representative shall assess the following operational
modes:

(1) The HRSG system with the combustion turbine in opera-
tion, with or without duct burner firing

(2) Duct burner system compliance with applicable sections
of Chapter 5 or Chapter 6, with the HRSG system in the
fresh air firing mode

(3) Compliance with applicable sections of Chapter 5 and
Chapter 6, as well as the preceding sections of Chapter 8
when combustion turbine is exhausting through a bypass
stack with the HRSG operating in the fresh air firing
mode system

8.10.2.4 Fresh air firing shall not be combined with opera-
tion on combustion turbine exhaust except during periods of
transition between modes.

8.10.2.4.1 The transition period between modes shall be
evaluated.

8.10.2.4.2 The system designer shall incorporate design fea-
tures and safeguards against the increased hazards.

8.10.2.5 When switching from turbine exhaust gas mode to
fresh air firing mode automatically, the duct burner shall have
been firing and stable flame established according to the pre-
vious sections of Chapter 8.

8.10.2.5.1 Immediately on a combustion turbine trip, the
duct burner fuel flow control valve shall be driven to light-off
position.

8.10.2.5.2 The light-off position switch must be proven within
10 seconds of a combustion turbine trip; otherwise, a duct
burner master fuel trip shall be initiated.

8.10.3 Purge.

8.10.3.1 During the system start-up with combustion turbine
operation, purge shall be in accordance with the require-
ments in 8.8.4 and 8.8.5.

8.10.3.2 Equipment used solely for the fresh air firing mode
shall be isolated.

8.10.3.3 All plenums or ductwork associated with fresh air
firing shall be purged into the HRSG enclosure.

8.10.3.4 During fresh air firing system start-up, a duct burner
purge in accordance with 8.8.5 shall be required.

8.10.3.4.1 The combustion turbine shall be isolated to pre-
vent reverse flow to ensure a complete purge.

8.10.3.4.2 A means of ensuring that the combustion turbine
ductwork is free of combustible mixtures shall be provided.

8.10.3.5 Purge Credit During Transfer from Combustion
Turbine to Fresh Air.

8.10.3.5.1 During transfer from combustion turbine opera-
tion to the fresh air firing mode, a credit for the purge shall be
maintained as long as the flow rate through the HRSG enclo-
sure is at or above the purge rate.

8.10.3.5.2 Provided the flow remains above purge rate, the duct
burner shall be permitted to be shut down and immediately relit.

8.10.3.6 Purge Credit During Transfer from Fresh Air to Com-
bustion Turbine. During transfer from the fresh air firing
mode to combustion turbine operation, loss of purge credit
shall require a combustion turbine purge in accordance with
8.8.4, with purge flow directed through the HRSG enclosure
or bypass stack.

8.10.4 Controls, Monitoring, Alarms, and Interlocks.

8.10.4.1 In addition to the requirements of 8.7.2.3, the com-
bustion turbine exhaust flow or airflow through the HRSG
enclosure shall be monitored.

8.10.4.2 In addition to the requirements of 8.7.3, reverse
combustion turbine exhaust flow or airflow through the
HRSG enclosure shall be alarmed.

8.10.4.3 The following additional duct burner permissives
shall be provided for fresh air firing:

(1) The damper in the correct position
(2) The fresh air fan operating
(3) Freshairflow greater than the purge rate specified in 8.8.5

8.10.4.4 A combustion turbine trip shall cause a duct burner
master fuel trip unless flow through the HRSG enclosure is
maintained at or above the purge rate.

8.10.4.5 During the automatic transition from turbine ex-
haust gas to fresh air firing mode, all dampers must be proven
in the correct position for fresh air firing within a time limit as
determined and documented during commissioning.

8.10.4.6 If a combustion turbine trip occurs and flow is at or
above the purge rate, the duct burner firing rate shall be re-
duced to a predetermined minimum.

8.10.4.7 The system shall be reviewed to confirm that appli-
cable portions of Chapter 5, Chapter 6, and Chapter 8 are
satisfied.

Chapter 9 Pulverized Fuel Systems

9.1 Application.

9.1.1 This chapter shall cover only those fuels having reactivities
greater than that of Pennsylvania anthracite with a volatile con-
tent of 8 percent on a dry basis. Reactivity of a fuel, relative to this
base, shall be determined by the pulverizer manufacturer, utiliz-
ing the manufacturer’s own technique, and applicability of the
code shall be determined and agreed to by the user.

9.1.2 This chapter shall exclude those systems that have an
oxygen content greater than 21 percent, which require special
attention.

9.2 Purpose.

9.2.1 The purpose of this chapter shall be to establish mini-
mum requirements for design, installation, operation, and
maintenance of pulverized fuel systems.

9.2.2 This chapter shall apply to any retrofit that involves
replacement of the entire pulverized fuel system as defined in
9.4.5.1 and 9.4.5.2.

9.2.3 For less than total system replacement, components
shall meet the requirements of this chapter or the original
code or standard of construction.

9.3 General.
9.3.1* Functional Requirements.

9.3.1.1 Because fires and explosions are most likely to occur
during start-up or shutdown or after an emergency trip, pul-
verized fuel systems and their components shall be designed
for and capable of continuous operation.
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9.3.1.2 Interruptions of pulverized fuel systems shall be kept
to an absolute minimum because of the combustible and ex-
plosive nature of the pulverized fuels.

9.3.1.3 The pulverized fuel system shall be designed to meet
the demands of the system that it serves over the required
range of operation.

9.3.2* Hazards in Pulverized Fuel Systems. Design, operation,
and maintenance of a pulverized fuel system shall address in-
herent hazards.

9.4 Design.

9.4.1 Introduction. General requirements for pulverized fuel
systems shall be covered by this section, and specific require-
ments for only the more commonly used direct-fired unit sys-
tems and storage systems shall be covered in detail. (For other
types of systems, see Section 9.6.)

9.4.2 System Arrangement Requirements.

9.4.2.1 The system arrangement shall be such that it provides
only one possible direction of flow (i.e., from the points of
entrance of fuel and air to the point of discharge), which can
be either a furnace or a transport and collection system.

9.4.2.1.1 Means shall be provided to resist the passage of air
or gas from the pulverizer through the feeder into the bunker.

9.4.2.1.2 A vertical and cylindrical column of fuel shall be
sized to withstand pulverizer operating pressures, but it shall
be no less than three pipe diameters.

9.4.2.1.3 The primary air or flue gas supply shall be taken
from a source with a pressure that is equal to or higher than
that against which fuel will be discharged from the system.

9.4.2.2 The system shall include indicators and annunciators
that provide the operator with all necessary information about
significant operating conditions, both normal and abnormal,
throughout the system.

Raw fuel bunker Auxiliary air  Auxiliary air
control damper
Hot air or 5
flue gas urner
Hot air shutoff\A — gR;V‘;/ fuel p
damper
P \//
Hot air control
damper \// Feeder l
discharge
Tempering air—>+ l piping T

Tempering air/ l

control damper

/
Raw fuel feeder ™ |
Pulverizer — CJ
Primary air X

control damper Exhauster

9.4.3 Piping Arrangement.

9.4.3.1 Piping shall be arranged to prevent hazardous accu-
mulation of fuel.

9.4.3.2 Where the air-fuel stream is directed into multiple
pipes, the system shall divide the air-fuel mixture into design
ratio among various pipes.

9.4.3.3 Pipe Velocities.

9.4.3.3.1 Positive means shall be provided to ensure that all
pipe velocities are equal to or above the minimum velocity
required for fuel transport and to prevent flashback from the
burners.

9.4.3.3.2 Testing during initial start-up and retesting as appro-
priate shall be performed to verify that individual pipe velocities
are adequate.

9.4.3.4 All piping system components shall be capable of be-
ing cleared of pulverized fuel using transport air.

9.4.4 Inerting Arrangement.

9.4.4.1 Where an inerting system is required in accordance
with 9.4.6.8, it shall be permanently installed and equipped
with connections, which shall be a minimum of 25.4 mm
(1 in.) in diameter.

9.4.4.2 Injection shall be controlled by readily operable
valves or dampers. (See NFPA 69, Standard on Explosion Preven-
tion Systems.)

9.4.4.3 Operation of these valves shall be accomplished at a
location that is remote from the pulverized fuel system.

9.4.5 System Arrangements.
9.4.5.1 Direct-Fired Systems.

9.4.5.1.1 These systems, as shown in Figure 9.4.5.1.1(a)
through Figure 9.4.5.1.1(f), shall be permitted to have the fan
located either following or ahead of the pulverizer.

Dusttight
valve

Suction
furnace

Barrier
valve

\—Other fuels

FIGURE 9.4.5.1.1(a) Direct-Firing Pulverized Fuel Exhauster System for Suction Furnace.
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FIGURE 9.4.5.1.1(b) Direct-Firing Pulverized Fuel Hot Primary Air Fan System for Suction

Furnace.
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FIGURE 9.4.5.1.1(c) Direct-Firing Pulverized Fuel Exhauster
Furnace.
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FIGURE 9.4.5.1.1(d) Direct-Firing Pulverized Fuel Hot Primary Air Fan System for Pressure
Furnace.
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FIGURE 9.4.5.1.1(e) Direct-Firing Pulverized Fuel Cold Primary Air Fan System for Pressure
Furnace.
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FIGURE 9.4.5.1.1(f) Direct-Firing Pulverized Fuel Cold Primary Air Fan System for Suction

Furnace.

9.4.5.1.1.1 Ifauxiliary air is used, a damper shall be placed in
this line.

9.4.5.1.1.2 The usual direct-firing pulverized fuel system shall
be permitted to comprise the following components:

(1) Raw fuel bunker
(2) Raw fuel gate
(3) Raw fuel feeder
(4) Flow control of raw fuel
(b) Feeder discharge piping
(6) Air-swept pulverizer
(7) Classifier
(8) Foreign material-collecting hopper
(9) Pulverizer air fan or exhauster
(10) Source of hot air
(11) Source of tempering air
(12) Temperature control of air
(13) Flow control of air
(14) Piping and ducts
(15) Valves
(16) Dampers
(17) Burners
(18) Means of inerting
(19) Safety interlocks and alarms

9.4.5.1.2 Valve Requirements.

9.4.5.1.2.1 For a suction furnace that can be fired by other
main fuels or that is connected to two or more pulverizers or
exhausters, valves, as shown in Figure 9.4.5.1.2.1 details (c),
(d), (e), (f), (g), (h), and (i), shall be installed to isolate all

burner lines.

(A) This requirement shall be permitted to be met with one
dusttight and one barrier valve or with two dusttight valves.

(B) A dusttight valve shall be installed in the burner pipe
close to the furnace.

(C) The second valve shall be installed close to the pulverizer.

(D) The valves shall be closed prior to entering a pulverizer,
exhauster, or fuel piping.

9.4.5.1.2.2 For a pressure furnace that can be fired by other
main fuels or that is connected to two or more pulverizers or
exhausters, a dusttight valve, as shown in Figure 9.4.5.1.2.1,
details (j), (k), and (1), shall be installed to isolate all burner
lines.

(A) In addition, a second dusttight valve shall be installed
close to the furnace.

(B) Both valves shall be closed prior to entering a pulverizer,
exhauster, or fuel piping.

9.4.5.1.2.3 One of the valves in 9.4.5.1.2.1 and 9.4.5.1.2.2
shall be quick closing.

9.4.5.1.2.4 If one valve is used to isolate more than one
burner line, means shall be provided to prevent circulation
between those lines or burners.

9.4.5.1.2.5 Two dusttight valves or one dusttight valve and
one barrier valve, as shown in Figure 9.4.5.1.2.1, details (g)
and (h), shall be provided in each burner pipe if one or more
pulverizers are connected to more than one suction furnace at
a time.
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No Valves
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(See 9.4.5.1.2.11.)

Multiple source of fuel

One or more burners off;
connection to more than
one furnace or multiple
connections to one burner

Multiple source of fuel

Aiss4

|

| .

: fil:gggg Other fuels
|

| Divider

1

|

|

|

| Exhauster

(d)

|
N 22

Other fuels

<— Pulverizer
Pressure

furnace

()

(9)

/

s
__—~ Otherfuels

— TF\_Other fuels

fuels

G
T ~— Other
fuels Valves interlocked
Single pulverizer : .
“—~— or exhauster [~ Barrier valves 1 Dusttight valves

FIGURE 9.4.5.1.2.1 Direct-Firing Pulverized Fuel System’s Valve Requirements in Burner Piping.

9.4.5.1.2.6 Where one or more pulverizers, as shown in
Figure 9.4.5.1.2.1, detail (1), are connected to two or more
pressure furnace(s) at the same time, the valve require-
ments in 9.4.5.1.2.2 shall apply.

9.4.5.1.2.7 Two dusttight valves or one dusttight valve and
one barrier valve, as shown in Figure 9.4.5.1.2.1, detail (i),
shall be installed in the burner piping where the discharge
pipes from separate exhausters or pulverizers are connected
to the same burner nozzle of a suction furnace.

9.4.5.1.2.8 Two dusttight valves, as shown in Figure 9.4.5.1.2.1,
detail (k), shall be installed in the burner piping where the

2004 Edition

discharge pipes from separate exhausters or pulverizers are con-
nected to the same burner nozzle of a pressure furnace.

9.4.5.1.2.9 The valve that is located nearest the pulverizer
shall be positioned so that pulverized fuel accumulations
above the valve will drain into the exhauster or pulverizer
when the valve is opened. Other valves shall be located so as to
prevent accumulation of pulverized fuel.

9.4.5.1.2.10 Figure 9.4.5.1.1(a) through Figure 9.4.5.1.1(f);
Figure 9.4.5.1.2.1, details (a) through (1); and the accompany-
ing text illustrate and specify requirements for the usual com-
binations of equipment; if other combinations are used, they
shall conform to the principles set forth in this code.
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9.4.5.1.2.11 Unless required by the inerting system, valves
shall not be required between the pulverizer and the burners
for a single pulverizer or exhauster connected to one or more
burners in a furnace that cannot be fired by any other main
fuel, provided that the combustion air to individual burners
cannot be shut off. [See Figure 9.4.5.1.2.1, details (a) and (b).] If
combustion air can be shut off to individual burners,
9.4.5.1.2.1 and 9.4.5.1.2.2 shall apply.

9.4.5.1.3 Air Supply Isolation Requirements.

9.4.5.1.3.1 For pressurized pulverizers and suction pulveriz-
ers with pressurized air supply installations, there shall be a
means for tight shutoff of the hot air supply and a means for
shutting off the primary air supply to each pulverizer.

9.4.5.1.3.2 For suction pulverizer installations with an atmo-
spheric tempering air supply, there shall be a means for shutting
off the hot air supply.

9.4.5.2 Storage-Firing Systems.

9.4.5.2.1 These systems, as shown in Figure 9.4.5.2.1(a)
through Figure 9.4.5.2.1(g), shall be arranged to permit par-
tial or complete venting of the pulverizer air and water vapor
after separating the pulverized fuel in cyclones or other types
of dust collectors.

9.4.5.2.1.1 The separated fuel shall be transported to storage
bins for subsequent supply to the burners.

9.4.5.2.1.2 In addition to the components of a direct-fired
system as listed under 9.4.5.1, a typical storage system shall
include some or all of the following special equipment:

(1)
(2)
(3)
(4)
®)

(6)
(7)
(8)

Cyclone separator

Dust collector (e.g., cyclone vent collector)

Vent fan

Cyclone pressure lock

Transport system (e.g., pulverized fuel pump, piping, and
valves)

Pulverized fuel bins

Pulverized fuel feeders

Auxiliary air damper

(9) Primary air fan
Vent dust
collector
Feeder discharge bﬂjr\:\((g:el
piping
Vent fan
Hot air or Cyclone
flue gas
Raw fuel
Hot air control gate
damper 4 —>
Tempering air
control damper l Raw fuel
\ feeder /
Tempering air”
Pulverizer air :?)E:Gf(ssure \
control damper
—>
Pulverizer . Pulverized
air fan Pulverizer fuel pump

Note: Pulverizer fan or vent fan might not be required.

FIGURE 9.4.5.2.1(a) Pulverized Fuel Storage Firing System.
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Vent

Pulverized
fuel bin
Burner
Pulverized Pulverizer
fuel gate fuel feeder
Pressure Iock Hot air
Primary air control
ry damper Pressure

control damper\ furnace

/ Hot air

Primary
air fan

«— Air heater

Dusttight valves
(interlocked)

Tempering alr

<—
control damper

N\

Forced
draft fan

Temperlng air

FIGURE 9.4.5.2.1(b) Pulverized Fuel Storage Firing System
for Pressure Furnace.

9.4.5.2.2 Valve Requirements.

9.4.5.2.2.1 Barrier valves, as shown in Figure 9.4.5.2.1(a) and
Figure 9.4.5.2.1(c) through Figure 9.4.5.2.1(g), shall be pro-
vided in the piping between the pulverized fuel feeders and
the burners of a storage system that is connected to one or
more burners of a suction furnace.

9.4.5.2.2.2 A check valve, as shown in Figure 9.4.5.2.1(c)
through Figure 9.4.5.2.1(e) and Figure 9.4.5.2.1(g), shall be
installed in each vent pipe connecting the cyclone or dust
collector of a storage system to the primary air fan or to any
portion of the furnace or stack of a suction furnace.

9.4.5.2.2.3 A dusttight valve, as shown in Figure 9.4.5.2.1(b),
shall be installed in each burner pipe between the pulverized fuel
feeder and the burner for a storage system that is connected to
one or more burners of a pressure furnace. These valves shall not
be opened until the primary air pressure is established.

Pulverized
fuel bin

Bin vent
/

Burner

Suction
furnace

Pulverized
/fuel gate

(L

Barrier valve

Pulverized
fuel feeder

Q\

Primary
air fan

Primary air
control damper
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Raw fuel bunker
Pulverized
Vent valve (controlled) Vent fan fuel bin Check valve
Hot air shutoff damper Raw fuel X;?;Cc:gft — Z
gate Pulverizer fuel
Hot air control damper bin vent and
< — Cyclone air dust collector
Tempering air discharge lines
control damper\>: <— Stack
‘
Cyclone v
Pulverizer air /
control damper ¢ T
|
J / Suction
furnace

Raw fuel feeder— ] 1
AN \
Joryd
Primary—> < -

Pulverizer air fan
f Pressure f air fan
7N

lock
Feeder . . :
. Pulverizer : Primary air
discharge Pulverized Barrier valve
piping fuel pump control damper
Pulverized  Pulverized
fuel gate fuel feeder

FIGURE 9.4.5.2.1(c) Pulverized Fuel Storage Firing System: Partial Recirculation — Vented Air to Stack.

/— Automatic auxiliary air inlet

Raw fuel bunker
Vent fan . .
J Pulverizer fuel bin vent

and dust collector
Pulverized fuel bin

Hot air Vent dust
collector

Hot air shutoff
damper «— Raw fuel
gate

Hot air control
< —>
damper T Cyclone air—]
discharge

Tempering air —>—F~— .o

¢ Pressure

lock Pulverized fuel gate

Pulverized fuel feeder

Tempering air
control damper / l
Primary air /
control damper Raw fuel Suction
feeder g furnace

Vent control valve

Feeder discharge———//’
piping C) Cyclone
—>
]4 Pulverized Check ’K

(A

Barrier valve

fuel pump  valve .
Primary

Pulverizer fan )
Pulverizer h
air fan

Note: Vent dust collector can be omitted.
FIGURE 9.4.5.2.1(d) Storage Firing System: Partial Recirculation — Vented Air to Primary Air Fan
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Raw fuel bunker

Automatic auxiliary air inlet
Pulverizer fuel bin vent

[Vent fan
and dust collector

i Pulverized fuel bin
Pressure
T lock Pulverized fuel gate

Pulverized fuel feeder
L

Hot air Vent dust
Hot air shutoff collector
damper «— Raw fuel
gate
Hot air control
damper T Cyclone air ]

Tempering air ——»—~4— ltijgs:harge

Tempering air
control damper /
Primary air /

control damper Raw fuel

|

Suction

feeder
Vent control valve ™ furnace

Feeder discharge———//’

piping Cyclone

ORI
Pulverized
Pulverizer fan i fuel pump  primary (A
Pulverizer air fan Barrier valve
Check

Note: Vent dust collector can be omitted. valve

FIGURE 9.4.5.2.1(e) Storage Firing System: Partial Recirculation — Vented Air to Furnace.
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Hot air \
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FIGURE 9.4.5.2.1(f) Storage Firing System: Partial Recirculation.
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FIGURE 9.4.5.2.1(g) Storage Firing System: No Vent Fan, with Exhauster.

9.4.5.2.2.4 A pressure lock, as shown in Figure 9.4.5.2.1(b),
shall be installed at each fuel outlet of a pulverized fuel bin (if
required) that is connected to a pressure furnace, to permit
feeding of fuel into the burner lines at a higher pressure and
to prevent the flow of primary air into the bin.

9.4.5.2.2.5 A pressure lock, as shown in Figure 9.4.5.2.1(a)
and Figure 9.4.5.2.1(c) through Figure 9.4.5.2.1(g), shall be
installed at each cyclone outlet if more than one cyclone is
connected to a single pulverized fuel pump or if the cyclone is
arranged for direct gravity discharge into the pulverized fuel
bin. A pressure lock shall not be required at the cyclone outlet
if only one cyclone is connected to the pulverized fuel pump.

9.4.5.2.3 Primary Air Connections of Pressure Furnace Firing.

9.4.5.2.3.1 For pressure furnace firing, a dusttight valve, as
shown in Figure 9.4.5.2.1(d), shall be installed between the
forced draft system and the inlet for the primary air fan.

9.4.5.2.3.2 Aminimum stop shall be provided on the primary
air control damper to prevent its being completely closed un-
less the shutoff dampers in the burner pipes are closed.
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9.4.5.2.4 Venting.

9.4.5.2.4.1 Partial venting shall be used to control humidity
in the pulverized fuel system, to minimize quantity of vented
air or gas, or to conserve heat.

9.4.5.2.4.2 Total venting shall be used where there is no fur-
ther use for the transport air or gas.

9.4.5.2.4.3 Both vent systems shall have the common require-
ments of 9.4.5.2.4.3(A) through 9.4.5.2.4.3(F).

(A) There shall be no venting to a pressure furnace.

(B) Venting to a suction furnace shall be permitted when it is
delivered to a zone where combustion is active and injection
line velocities are maintained at least 50 percent above the
maximum flame propagation rate of the fuel.

(C) Venting to a stack, flue, or breeching shall be permitted
when it is done to a zone where the temperature does not
exceed two-thirds of the ignition temperature of the fuel in
degrees Fahrenheit and the design of the entire vent system is
such that there will be no hazardous accumulation of combus-
tible fuel dust.
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(D) Venting to the primary air fan shall be permitted when the
primary air fan is operating and the following conditions are met:

(1) Ameans is provided to prevent reverse flow.

(2) The primary air system can handle the total amount of air.

(3) The primary air fan is discharging to a zone of active
combustion.

(E) When venting to the atmosphere, the vented air or gas
shall be sufficiently clean of combustible material so as not to
create fire or an explosion hazard. The vented air or gas shall
not interfere with the proper operation of other systems
within the area.

(F) Check valves, where required, shall be located near the
source of possible reverse flow into the system.

9.4.5.2.4.4 When the vented air from the cyclone, as shown in
Figure 9.4.5.2.1(a), is discharged to the atmosphere, the vent
shall discharge at a height above the building roof to prevent
accumulations on the roof.

9.4.5.2.4.5 When the vented air is discharged into the stack,
flue, or breeching, the connection shall be made at a point
where the pressure is less than that of the room in which the
pulverizer is located, and each vent line shall have a check
valve that opens in the direction of the flow.

9.4.5.2.4.6 Vent connections shall be located downstream of
the recirculated gas inlet connection in such a manner that
any combustible dust that is carried by the vented air cannot
be entrained in the recirculated gas for possible introduction
into a zone of high furnace temperature.

9.4.6 Pulverizer System Component Design Requirements.
9.4.6.1 Strength of Equipment.

9.4.6.1.1 All components of the pulverized fuel system as de-
scribed in 9.4.6.1.4.2 that are designed to be operated at no
more than gauge pressure of 13.8 kPa (2 psi) shall be designed
to withstand an internal explosion gauge pressure of 344 kPa
(50 psi) for containment of possible explosion pressures.

9.4.6.1.1.1 For operating gauge pressures in excess of 13.8 kPa
(2 psi), the equipment as described in 9.4.6.1.4.2 shall be de-
signed to withstand an internal explosion pressure 3.4 times the
absolute operating pressure.

9.4.6.1.2 Equipment design strength shall incorporate the
combined stresses from mechanical loading, operating, and
explosion and implosion pressures plus an allowance for wear,
which shall be determined by agreement between the manu-
facturer and the purchaser.

9.4.6.1.3* Shock wave pressures shall be included in the design,
based on their locations in the system.

9.4.6.1.4 Components.

9.4.6.1.4.1 The components falling within the requirements
0f9.4.6.1.1 through 9.4.6.1.3 for a direct-fired system shall be-
gin ata point thatis 0.61 m (2 ft) above the inlet of the raw fuel
feeder, at the point of connection of ductwork to the pulver-
izer, and at the seal air connections to the pulverizer system,
and they shall end at the discharge of the pulverizer, external
classifier, or exhauster.

9.4.6.1.4.2 These components shall include the following
and any other associated devices:

(1) Raw fuel feeding devices, discharge hoppers, and feed
pipes to the pulverizer

(2) All parts of the pulverizer that are required for contain-
ment of internal pressure

(3) Exhauster and connecting piping from the pulverizer

(4) External classifiers and connecting piping from the
pulverizer

(5) Foreign material-collecting hoppers that are connected
to the pulverizer

9.4.6.1.4.3 The raw fuel bunker and mechanical components,
including but not limited to seals, gears, bearings, shafts, and
drives, shall not be required to meet these requirements.

9.4.6.1.5 Explosion vents shall not be used on any compo-
nent of the system that is described in 9.4.6.1.4.

9.4.6.1.6% All ductwork, from the hot and tempering air sup-
ply ducts to individual pulverizers, including damper frames,
expansion joints, supports, and hot primary air fans, shall be
designed to contain the test block capability of the pulverizer
air supply fan.

9.4.6.1.7 Inert Atmosphere.

9.4.6.1.7.1 1If a pulverized fuel storage system is started and
operated with an inert atmosphere in all parts of the system in
accordance with NFPA 69, Standard on Explosion Prevention Sys-
tems, the strength requirements of 9.4.6.1.1 shall not apply.

9.4.6.1.7.2 Any component of the system that is started and
operated with an inert atmosphere shall not be required to
comply with the strength requirements of 9.4.6.1.1.

9.4.6.1.8 Noninert Atmosphere.

(A) A pulverized fuel storage system that is not started and
operated with an inert atmosphere in accordance with
NFPA 69, Standard on Explosion Prevention Systems, shall meet
the requirements of 9.4.6.1.1.

(B) The components falling within these requirements shall
be those described in 9.4.6.1.4, plus any or all of the following
that are included in the system:

(1) Lock hoppers

(2) Circulating fans

(3) Transport systems

(4) Pulverized fuel feeders

(5) Primary air fans handling fuel-laden air

(6) Vent fans if not located downstream of a dust collector
that is vented in accordance with 9.4.6.1.9

9.4.6.1.9% In a pulverized fuel storage system that is not started
and operated with an inert atmosphere in accordance with
NFPA 69, Standard on Explosion Prevention Systems, the following
equipment shall meet the requirements of 9.4.6.1.1 or shall be
equipped with suitable vents:

(1) Cyclone
(2) Dust collectors
(3) Pulverized fuel bins

9.4.6.1.10 Explosion vents shall not be used on the feeder or
pulverizer of any system.

9.4.6.2 Piping.
9.4.6.2.1 General.

9.4.6.2.1.1 For systems that are normally operated at a gauge
pressure no more than 13.8 kPa (2 psi), the pulverized fuel
piping from the outlet of the equipment, as defined in
9.4.6.1.4 and 9.4.6.1.9, to the pulverized fuel burner or storage
bin shall comply with 9.4.6.1.
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9.4.6.2.1.2 Systems that are operated at a gauge pressure
greater than 13.8 kPa (2 psi) shall be designed to withstand an
internal explosion of 3.4 times the absolute operating pressure.

9.4.6.2.2 Wear.

9.4.6.2.2.1 There shall be an allowance for wear in excess of
the strength requirements of 9.4.6.2.

9.4.6.2.2.2 Elbows are especially vulnerable to wear, but all
parts of the system shall be designed for wear as determined by
agreement between the manufacturer and the purchaser.

9.4.6.2.3 Bend Radii.

9.4.6.2.3.1 Pulverized fuel piping shall provide smooth flow
and have bend radii not less than one pipe diameter.

9.4.6.2.3.2 Wherever possible, radii in excess of one pipe di-
ameter shall be used.

9.4.6.2.4 Flexible joints and split clamp couplings shall con-
form to 9.4.6.2 except that the junction of two sections shall be
permitted to be sealed with flexible material.

9.4.6.2.4.1 There shall be no separation of the pipe joint in
case of failure of the flexible material.

9.4.6.2.4.2 Positive mechanical connections shall be provided
between the two sections to prevent serious misalignment or
separation.

9.4.6.2.5 At operating temperatures encountered in the ser-
vice of the equipment, piping materials shall satisfy the
strength requirements of 9.4.6.2 and shall comply with
9.4.6.6.2 for allowable stresses.

9.4.6.2.6 DBrittle materials having a plastic elongation of less
than 8 percent prior to tensile rupture shall not be used for
piping except as abrasion-resistant linings and where no credit
is taken for the structural strength of the lining.

9.4.6.2.7 Piping support systems shall be designed and installed
in accordance with Chapter 2, Part 5, of ASME B31.1, Power Piping
Code, so that combined stresses will not be in excess of those speci-
fied in 9.4.6.6.2.

9.4.6.2.8 Pipe that is lined with abrasion-resistant material
shall have casing thickness and flange size that is designed for
the strength requirements in 9.4.6.2 with no required allow-
ance for wear.

9.4.6.2.9 Prior to initial operation or after piping system
renovation, an in-service leak test shall be performed in accor-
dance with the following procedure:

(1) The system shall be gradually brought up to operating
pressure and temperature.

(2) The system shall be held continuously at the conditions
described in 9.4.6.2.9(1) for 10 minutes.

(3) All joints and connections shall be examined for leakage.

(4) The system shall show no visual evidence of weeping or
leakage.

9.4.6.3 Valves.

9.4.6.3.1 All valves in the pulverized fuel system from a point
within 0.61 m (2 ft) above the inlet of the raw fuel feeder to the
point of consumption of the pulverized fuel shall have construc-
tion that is capable of withstanding pressures as defined in
9.4.6.1.1,9.4.6.2, or 9.4.6.4, depending on the application.
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9.4.6.3.2 These components shall include the following and
any other pulverized fuel system valves:

(1) Barrier valve

(2) Dusttight valve
(8) Check valve

(4) Pressure/air lock
(5) Raw fuel gate

9.4.6.4 Interconnections. Valves at points of interconnection
between pulverized fuel system components requiring differ-
ent design pressures shall comply with the strength require-
ments of the lower pressure of the two.

9.4.6.5 Bunker and Hopper Designs.

9.4.6.5.1 The raw fuel bunker structural material shall be made
of noncombustible material and shall be designed to provide the
following mass flow and self-cleaning flow characteristics:

(1) An uninterrupted flow of fuel being handled at a con-
trolled rate

(2) A flow pattern in which arching and ratholing (piping)
are avoided

9.4.6.5.1.1 The bunker outlet feeder(s) shall be coordinated
with the bunker to avoid the probability that incorrect feeder
selection will result in altering the bunker flow characteristics
as specified in 9.4.6.5.1(1) or 9.4.6.5.1(2).

9.4.6.5.1.2 Provisions shall be made to prevent the accumula-
tion of flammable mixtures of air, fuel dust, and combustible
gases within the bunker.

9.4.6.5.2 Pulverized fuel bins shall conform to strength re-
quirements as specified in 9.4.6.1 with exceptions as outlined
in 9.4.6.1.7 and 9.4.6.1.9.

9.4.6.5.2.1 These bins shall be designed to permit fuel dis-
charge at an uninterrupted, controlled rate.

9.4.6.5.2.2 Internal construction shall minimize stagnant
deposits.

9.4.6.5.2.3 Open-top bins shall not be used.

9.4.6.5.2.4 Provisions shall be made to prevent accumulation
of flammable mixtures of air, fuel dust, and combustible gases
within the bin.

9.4.6.5.2.5 Bins shall be equipped with high and low level
fuel detectors.

9.4.6.5.3 Pulverized fuel lock hoppers shall be designed for
3.4 times the absolute operating pressure.

9.4.6.5.3.1 Pulverized fuel lock hoppers shall be designed to
permit fuel discharge at an uninterrupted controlled rate.

9.4.6.5.3.2 Internal construction shall minimize accumulations.

9.4.6.5.4 Lock hoppers shall be equipped with high and low
level fuel detectors.

9.4.6.6 Construction Materials for Pressure Containment.

9.4.6.6.1 Materials that are used to meet strength require-
ments shall be ferrous materials and shall satisfy the strength
requirements of 9.4.6.1 at design operating temperatures.

9.4.6.6.2 If made of steel or other ductile metals, the allow-
able stress values shall be determined as specified in 9.4.6.6.2.1
through 9.4.6.6.2.5.

9.4.6.6.2.1 Tension. The maximum allowable direct (i.e., mem-
brane) stress shall not exceed the lesser of Y4 the ultimate
strength or % the yield strength of the material.
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9.4.6.6.2.2 Combined Bending and Membrane Stress (Where
Bending Stresses Are Not Self-Limiting). The maximum allow-
able value of combined bending and membrane stress shall
not exceed the lesser of the yield strength or % the ultimate
strength of the material.

9.4.6.6.2.3 Combined Bending and Membrane Stress (Where
Bending Stresses Are Self-Limiting). The maximum allowable
values of combined self-limiting and non-self-limiting bending
stresses plus membrane stress shall not exceed the ultimate
strength of the material.

9.4.6.6.2.4 Compressive Stress. For components in which
compressive stresses occur, in addition to the requirements of
9.4.6.6.2.1 through 9.4.6.6.2.3, the critical buckling stress shall
be taken into account.

9.4.6.6.2.5 Fatigue Analysis. On components subject to cyclic
loading, fatigue analysis shall be made to guard against pos-
sible fatigue failures. Both mechanical and thermal loading
shall be analyzed.

9.4.6.6.3 If made of cast iron or other nonductile material,
the allowable stress shall not exceed Y4 the ultimate strength of
the material for all parts.

9.4.6.6.3.1 When cast iron or other nonductile material is
used for flat areas exceeding 0.0929 m* (1 ft*), the surface
shall be strengthened by ribbing or other means.

9.4.6.6.3.2 An evaluation of the possibility of buckling and
fatigue failures shall be made.

9.4.6.6.4 To ensure casting quality, nondestructive examina-
tion shall be made to detect significant defects at locations of
high stress, at abrupt changes of section, and at sharp angles.

9.4.6.6.4.1 The choice of such a quality assurance program
shall be the responsibility of the designer.

9.4.6.6.5 The justification of new materials or improved ana-
lytical methods shall be the responsibility of the designer.

9.4.6.6.5.1 If such materials and methods are used for the
design of pulverized fuel system components, they shall meet
the requirements of 9.4.6.1 and 9.4.6.2.

9.4.6.6.5.2 The materials that are used shall be capable of
withstanding the conditions that could occur during abnor-
mal incidents, such as pulverized fuel fires.

9.4.6.7 Electrical Equipment.

9.4.6.7.1 All electrical equipment and wiring shall conform
to NFPA 70, National Electrical Code.

9.4.6.7.2 Locations where completely dusttight pulverized
fuel systems are installed in compliance with this code shall
not be considered a hazardous location for electrical equip-
ment as defined in NFPA 70, National Electrical Code.

9.4.6.8 Inerting System.

9.4.6.8.1 Pulverizers and pulverized fuel storage systems
shall be equipped with an inerting system that is capable of
maintaining an inert atmosphere as required to meet the
provisions of 9.5.4.2.1. (See also NFPA 69, Standard on Explo-
sion Prevention Systems.)

9.4.6.8.2 Provisions shall be made for verification of flow of
inerting media when the system is activated.

9.4.6.9 Fire-Extinguishing System.
9.4.6.9.1 Connections.

9.4.6.9.1.1 Pulverizers and pulverized fuel-collecting systems
shall be equipped with connections for fire extinguishing.

9.4.6.9.1.2 These connections shall be at least 25 mm (1 in.)
in diameter and shall be adequate to pass the amount of re-
quired extinguishing material.

9.4.6.9.2 Provisions shall be made for verification of flow of
fire-extinguishing media when the system is activated.

9.4.7 Safety Interlock Systems.

9.4.7.1 The safety interlocks required in this section shall be
coordinated with the boiler, furnace, or other related devices
to which the pulverized fuel system is connected.

9.4.7.2 Permissive Sequential-Starting Interlocks.

9.4.7.2.1 Permissive sequential-starting interlocks for direct-
fired systems shall be arranged so that, after furnace or other
connected apparatus interlocks have been satisfied, the pul-
verizer can be started only in the following sequence:

(1) Startignition system in accordance with Chapter 6.
(2) Start primary air fan or exhauster.

(3) Establish minimum airflow.

(4) Start pulverizer.

(5) Start raw fuel feeder.

9.4.7.2.2 The actions of 9.4.7.2.1(2) and 9.4.7.2.1(4) shall be
permitted to be simultaneous.

9.4.7.3 Trip Sequence of Interlocks.

9.4.7.3.1 Interlocks for directfired pulverized fuel systems
shall be arranged to trip in the following sequence:

(1) Failure of primary airflow to below manufacturer’s mini-
mum shall trip the pulverizer and burner shutoff valve or
equivalent and the feeder. The manufacturer’s require-
ments regarding the burner’s shutoff valve operation
shall be followed.

(2) Failure of pulverizer shall trip the feeder and primary air-
flow.

(3) Closure of all fuel line valves shall trip the pulverizer, pri-
mary airflow, and raw fuel feed.

(4) Failure of the feeder shall initiate an alarm; restarting of
the feeder shall be blocked until feeder start-up condi-
tions are re-established.

9.4.7.3.2 Means to indicate loss of fuel feed to the pulverizer
or fuel input to the furnace shall be installed.

9.4.7.4 Permissive Sequential-Starting Interlocks.

9.4.7.4.1 Permissive sequential-starting interlocks for pulver-
ized fuel storage systems shall be arranged so that the system
components can be started only in the following sequence:

(1) Start pulverized fuel pump or conveyor.

(2) Start cyclone and dust collector pressure locks.
(3) Start vent fan.

(4) Start pulverizer exhauster or air fan.

(b) Start pulverizer.

(6) Start raw fuel feeder.

9.4.7.4.2 The actions of 9.4.7.4.1(4) and 9.4.7.4.1(5) shall be
permitted to be simultaneous.
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9.4.7.5 Interlocks for pulverizers of storage systems shall be
arranged to trip as follows:

(1) The full pulverized fuel bin shall trip the fuel pump or
conveyor and the raw fuel feeder.

(2) Failure of the fuel pump or conveyor shall trip the vent
fan on the cyclone or dust collector and pressure locks
upstream of the fuel pump or conveyor.

(8) Failure of the vent fan shall trip the pulverizer exhauster
or air fan.

(4) Failure of the pulverizer exhauster or air fan shall trip the
raw fuel feeder.

(b) Failure of the pulverizer shall trip the raw fuel feeder.

9.4.7.6 For pressure furnaces that are firing from storage or
semistorage systems, the dusttight valve in the burner pipe
that is after the pulverized fuel feeder shall be interlocked so
that it cannot be opened unless the dusttight damper in the
primary air supply is open.

9.5 Operation.
9.5.1 Operation of All Pulverized Fuel Systems.
9.5.1.1 Preparation for Starting.

9.5.1.1.1 Preparation for every start-up shall include checks
for the following conditions:

(1) The pulverizer system sealing air, if required, is in service.

(2) Energy is supplied to the control system and to the safety
interlocks.

(3) All pulverizer system gates, valves, and dampers are in
start-up positions.

9.5.1.1.2 After maintenance or outage, the following inspec-
tions and checks shall be made:

(1) Pulverizers, ducts, and fuel piping are in good repair and
free from foreign material.

(2) Pulverizers, ducts, and fuel piping are evacuated by all
personnel, all access and inspection doors are closed, and
all personnel protection devices are reinstalled.

(3) All pulverizer air or flue gas dampers are operated through
the full operating range.

(4) Pulverizers, feeders, controls, and associated equipment
are in a condition ready for service.

(5) A complete functional check is made of all safety interlocks.

9.5.2 Operation of Direct-Fired Systems.

9.5.2.1 Starting Sequence. The starting sequence shall consist
of all of the following steps:

(1) Startall necessary light-off equipment in accordance with
Chapter 6 requirements.

(2) Open the pulverizer tempering air damper.

(3) Start the primary air fan or exhauster, if driven separately
from the pulverizer.

(4) Open the primary airflow control damper to a setting that
provides a burner line transport velocity greater than or
equal to the established minimum.

(5) Open the pulverizer burner line valves.

(6) Start the pulverizer.

(7) Open the pulverizer hot air damper and maintain pulverizer
outlet temperature within the specified range (as dictated by
the system designer or field tests).

(8) Start the raw fuel feeder.

(9) Place the pulverizer outlet temperature, primary airflow,
and raw fuel feed controls on automatic.
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9.5.2.1.1 It shall be permitted to vary the sequence of the
steps in 9.5.2.1(2) through 9.5.2.1(9) as recommended by the
system designer.

9.5.2.2* Normal Operation.

9.5.2.2.1 The pulverizer output shall be regulated by adjusting
its fuel and air supplies in accordance with the manufacturer’s
procedures or as determined by field tests.

9.5.2.2.2 Individual Burner Shutoff Valves.

9.5.2.2.2.1 Individual burner shutoff valves, if provided, shall
be wide open or completely closed.

9.5.2.2.2.2 Individual burner shutoff valves shall not be placed
at intermediate settings.

9.5.2.2.3* Burner line transport velocities shall be maintained
at or above minimum for all pulverizer loading conditions.

9.5.2.2.4 Apulverizer shall not be operated below its minimum
air or fuel stop setting.

9.5.2.3 Normal Shutdown. The pulverizer shutdown sequence
shall consist of all of the following steps:

(1) Reduce pulverizer output and establish required com-
bustion system conditions for shutdown as required in
Chapter 6.

(2) Reduce the hot air and increase the cold air to cool the
pulverizer to a predetermined minimum outlet tempera-
ture as recommended by the system designer or as deter-
mined by test.

(3) When the pulverizer is cooled, stop the feeder and continue
operation of the pulverizer with the minimum established
airflow to remove all fuel from the pulverizer and burner
lines. Maintain minimum outlet temperature (typically re-
quires shutoff of hot air supply when feeder is stopped).

(4) Shut the pulverizer down after a predetermined time as re-
quired to empty the pulverizer as determined by field tests.

(5) Position burner line shutoff valves in accordance with the
manufacturer’s instructions.

(6) Stop primary air flow.

9.5.2.3.1 It shall be permitted to vary the sequence of the
steps in 9.5.2.3(1) through 9.5.2.3(6) as recommended by the
system designer.

9.5.3 Operation of Storage Systems.
9.5.3.1 Operation of Fuel-Burning Equipment.

9.5.3.1.1 Starting Sequence. The starting sequence shall be as
follows:

(1) Coordinate the fuel-burning portion with the furnace in
accordance with Chapter 6.

(2) Start the primary air fan(s).

(3) Open all burner and primary air shutoff valves for the
burners to be started.

(4) Open the pulverized fuel gate and start the pulverized
fuel feeder for these burners.

9.5.3.1.2 Normal Operation.
9.5.3.1.2.1 Individual Burner Valves.

(A) Individual burner valves shall be wide open or completely
closed.

(B) Individual burner valves shall not be placed at intermedi-
ate settings.
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9.5.3.1.2.2 Fuel flow shall be controlled by adjusting the pul-
verized fuel feeder speed.

9.5.3.1.2.3 Primary airflow shall be maintained at all times to
prevent settling of coal dust in burner pipes.

9.5.3.1.3 Normal Shutdown. The shutdown sequence shall be
as follows and in accordance with Chapter 6:

(1) Establish the required combustion system conditions for
shutdown.

(2) Stop the pulverized fuel feeder.

(3) When the burner flame is extinguished, close the burner
and primary air shutoff valves, unless primary air valves
supply air to all burners during operation.

(4) Stop the primary air fan after the last burner that is served
by that fan is shut down.

9.5.3.2 Operation of Pulverizing Equipment of Storage Systems.
9.5.3.2.1 Starting Sequence.

(A) The basic principle that shall be followed is that of
starting equipment in sequence from the storage bin “up-
stream” toward the point of pulverizer air supply and then
finally the raw fuel supply as shown in Figure 9.4.5.2.1(a)
through Figure 9.4.5.2.1(g).

(B) The starting sequence shall be as follows:

(1) Start the pulverized fuel pump or conveyor, if provided.

(2) Start the cyclone pressure lock, if provided.

(3) Start the cyclone or dust collector vent fan or exhauster
and/or the primary air fan and open the burner and pri-
mary air shutoff valves if used to convey the vent stream and
burners are not in service, in accordance with 9.4.5.2.4.

(4) Start the pulverizer exhauster or fan and adjust the con-
trol dampers to obtain proper air flow and temperature.

(5) Start the pulverizer.

(6) Start the raw fuel feeder.

(7) Readjust the control damper(s) to obtain required pul-
verizer air-fuel outlet temperature and airflow.

9.5.3.2.2 Normal Shutdown. The shutdown sequence shall be
as follows:

(1) Close the hotair damper and open the cold air damper or
flue gas damper to cool down the pulverizer.

(2) Stop the raw fuel feeder.

(3) Operate the pulverizer for a predetermined time as re-
quired to empty the pulverizer of fuel and make it cool.
Stop the pulverizer.

(4) Stop the pulverizer exhauster or fan.

(5) Stop the cyclone and dust collector vent fan or exhauster
and/or the primary air fan if used to convey the vent
stream and all burners are shut down.

(6) Stop cyclone pressure lock.

(7) Stop pulverized fuel pump or conveyor.

9.5.4 Abnormal Pulverizer System Conditions.

9.5.4.1 When a fire is suspected in the pulverizer system or
abnormal operating conditions are encountered, all person-
nel shall be cleared from the area near the pulverizer, primary
air duct, burner pipes, burners and feeder, or other pulverized
fuel system components before the operating conditions are
changed.

9.5.4.2 Pulverizer Tripping.
9.5.4.2.1 Inerting.

9.5.4.2.1.1 A pulverizer that is tripped under load shall be
inerted and maintained under an inert atmosphere until con-
firmation that no burning or smoldering fuel exists in the pul-
verizer or the fuel is removed.

9.5.4.2.1.2 Inerting Procedure.

(A) The inerting procedure shall be established by the pul-
verizer equipment manufacturer and the purchaser.

(B) The pulverizer equipment manufacturer and purchaser
shall consider fuel characteristics, the pulverizer temperature
and size, and arrangement of the pulverizer.

9.5.4.2.1.3 Inerting media shall be selected from, but not lim-
ited to, the following:

(1) Carbon dioxide
(2) Steam
(3) Nitrogen

9.5.4.2.2 Fuel-Clearing Procedures.

9.5.4.2.2.1 For pulverizers that are tripped and inerted while
containing a charge of fuel in accordance with 9.5.4.2.1.1, the
following procedure shall be used to clear fuel from the pul-
verizer and sweep the transport lines clean as soon as possible
after it has been tripped and there is confirmation that there is
no burning or smoldering fuel:

(1) Start up one pulverizer in accordance with the principles
and sequences as listed in 9.5.2.1(1) through 9.5.2.1(9).

(2) Isolate from the furnace all shutdown or tripped pulverizers.

(3) Continue to operate the pulverizer until empty and in
normal condition for shutdown. When the operating pul-
verizer is empty of fuel, proceed to another tripped and
inerted pulverizer and repeat the procedure until all are
cleared of fuel.

Exception:  An exception to 9.5.4.2.2.1(3) is to restart feeder and return
pulverizer to normal operation if furnace conditions allow such operation.

9.5.4.2.2.2 Burning Fuel in Out-of-Service Pulverizer.

(A) In the event that there are indications of burning or smol-
dering fuel in an out-of-service pulverizer, the pulverizer shall
not be restarted under the normal procedure.

(B) Fire-extinguishing procedures shall be followed, or removal
of residual fuel shall be accomplished under inert conditions by
taking one of the following steps:

(1) Remove fuel through the pyrites removal system. When
this procedure is followed, the pulverizer shall be opened
and inspected prior to restarting.

(2) Start the pulverizer with an inert medium, using the start-
ing sequences in 9.5.2.1(1) through 9.5.2.1(9).

(C) Due to the danger of an explosion when they are being
opened and cleaned, pulverizers shall not be cleaned manu-
ally until they and their contents have been cooled to ambient
temperature.

(D) The procedures of 9.5.4.3 shall be followed.
9.5.4.3 Fires in Pulverized Fuel Systems.

9.5.4.3.1 Indication of a fire in any part of a pulverized fuel
system is a serious condition and shall be dealt with promptly.

9.5.4.3.2 Extinguishing media shall be water or inert solids or
shall be in accordance with 9.5.4.2.1.3.

9.5.4.3.3 The following procedures for fighting fires shall be
used with modifications for specific systems, specific locations
of fire, or requirements of the equipment manufacturer:
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(1) Ifsufficient flow capacity of inerting media is provided (at
least 50 percent by volume of the minimum primary air-
flow for the system), inert the pulverizer air-fuel flow, shut
off the fuel feed, empty the pulverizer of fuel, and shut
down and isolate the pulverizer.

(2) Stop the primary airflow, trip the pulverizer and feeder,
isolate the system, inert, and proceed as follows:

(a) Do not disturb any accumulation of dust in the pul-
verizing equipment.

(b) Do not open any access doors to the pulverizer until
the fire is extinguished and all temperatures have re-
turned to ambient.

(c) After isolation of the pulverizer is verified, follow the
procedures as outlined in 9.5.4.3.6 and 9.5.4.3.7.

(3) Extinguish a fire that is detected in an operating low stor-
age pulverizer by shutting off the hot air, increasing the
raw fuel feed as much as possible without overloading the
pulverizer, and continuing to operate with tempering air.

(4) Introduce water into the raw fuel or tempering air stream,
or both, and proceed as follows:

(a) The water must be added in such quantities and at such
locations as not to cause hang-up or interruption of raw
fuel feed or to stir up any deposit of combustible material.

(b) When all evidence of fire has disappeared, shut off
the water, trip the pulverizer, isolate, and inert.

9.5.4.3.4 When fires are detected in other parts of a direct-

fired system, such as burner lines, the procedures as outlined
in 9.5.4.3.3(1), (2), or (3) shall be followed.

9.5.4.3.5 When fires are detected in storage system compo-
nents, including but not limited to cyclones, dust collectors,

e

-

Raw fuel bunker

— Cyclone

— Raw fuel
gate

/

!

Feeder Cyclone fuel —
Raw fuel discharge discharge
feeder N\ piping piping l

«— Pressure lock

and pulverized fuel bins, the affected components shall be
isolated and inerted.

9.5.4.3.6 If fire is detected in an out-of-service pulverizer, it
shall be kept out of service and isolated.

9.5.4.3.6.1 All air supply to the pulverizer shall be shut off.

9.5.4.3.6.2 Access doors to a pulverizer shall not be opened
until the fire is extinguished by water or other extinguishing
media and all temperatures have returned to ambient.

9.5.4.3.7 Pulverizing equipment shall be inspected internally
following fires in pulverizing systems.

9.5.4.3.7.1 All coke formations and other accumulations
shall be removed to reduce the potential for future fires.

9.5.4.3.7.2 If the pulverizer is wet, it shall be dried.
9.5.4.3.7.3 In no case shall a compressed air jet be used.

9.5.4.3.7.4 All components shall be inspected, and damaged
items, including but not limited to, gaskets, seals, lubricants,
and liners, shall be replaced.

9.6 Special Systems.

9.6.1 Introduction. Specific systems, as defined in this section,
shall meet the specific requirements of this section. (For general
design, operating, and safety requirements of these systems, see Sections 9.4
and 9.5.)

9.6.2 Semi-Direct-Firing System.

9.6.2.1 Description. This system, as shown in Figure 9.6.2.1(a)
and Figure 9.6.2.1(b), shall consist of an air-swept pulverizer
located near the point of use.
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FIGURE 9.6.2.1(a) Semi-Direct-Firing Pulverized Fuel System for a Suction Furnace.
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FIGURE 9.6.2.1(b) Semi-Direct-Firing Pulverized Fuel System for a Pressurized Furnace.

9.6.2.1.1 The fuel shall be separated from the air in a cyclone
or other type of dust collector.

9.6.2.1.2 Fuel shall discharge from the cyclone through a ro-
tary valve and shall be picked up by air from a primary air fan
and blown into the furnace.

9.6.2.1.3 The primary air fan shall take suction from the pul-
verizer air fan or from other sources.

9.6.2.1.4 If the primary air fan does not utilize all of the pul-
verizer air, a vent fan shall be required.

9.6.2.2 System Arrangement. This system shall be permitted
to include the following special equipment:

(1) Cyclone separator or other type of dust collector
(2) Pressure lock

(3) Primary air fan

(4) Vent fan and dust collector, if required

(5) Pulverized fuel pickup

9.6.2.3 Valve Requirements.

9.6.2.3.1 A barrier valve and a dusttight valve shall be in-
stalled between each fuel pickup point and the burner for a
suction furnace that can be fired by other fuels.

9.6.2.3.2 Two dusttight valves shall be installed between the
fuel pickup point and the burner for a pressurized furnace if
the furnace can be fired by other fuels.

9.6.2.3.3 One of the valves described in 9.6.2.3.1 and
9.6.2.3.2 shall be quick closing.

9.6.2.3.4 Valves shall not be required between the pulverizer
and the cyclone.

9.6.2.4 Isolation Requirements. Isolation requirements shall
be in accordance with 9.4.5.1.3.

9.6.2.5 Operation.

9.6.2.5.1 Starting Sequence. The starting sequence shall be
as follows:

(1)

(2)
(3)
(4)

(5)
(6)

(7)
(8)

Start up all necessary combustion system auxiliaries in
the proper sequence.
Start the forced draft fan (for the pressure furnace only).
Start the primary air fan.
Open all valves in lines to burners to be started, includ-
ing barrier valves and dusttight valves.
Adjust the primary airflow to the desired value, at least
sufficient to provide minimum burner line velocity.
Start pressure locks.
Start the pulverizer air fan.
Start the pulverizer.

(9) Start the vent fan, if required.
(10) Start the raw fuel feeder.
(11) Adjust the dampers and controls as in 9.5.2.1(9).

9.6.2.5.2 Normal Operation. The procedures of 9.5.2.2 shall
be followed.

9.6.2.5.3 Normal Shutdown. The normal shutdown proce-
dure shall be as follows:

(1) Follow the procedures of 9.5.2.3.
(2) When the pulverizer is empty and cool, stop the pulver-
izer and the pulverizer air fan or exhauster.
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(3) Stop the pressure locks.
(4) Stop the vent fan.
(5) Stop the primary air fan.

9.6.2.5.4 Interlocking. Interlocking shall be as outlined in 9.4.7.
9.6.3 Pulverized Fuel System for Blast Furnace Injection.

9.6.3.1 Description. This system, as shown in Figure 9.6.3.1,
shall consist of an air-swept pulverizer.

9.6.3.1.1 The fuel shall be separated from the air in a cyclone
or other type of dust collector.

9.6.3.1.2 Fuel shall discharge from the cyclone through a pres-
sure lock valve and be collected, stored, and batch-pressurized to
a pressure that is higher than the blast furnace pressure.

9.6.3.1.3 The pressurized fuel shall then be transported and
distributed to the furnace tuyeres.

9.6.3.1.4 This system shall have the following three major
subsystems:

(1) Fuel grinding and collecting system
(2) Inert gas, pressurized fuel, storage, and feeding system
(3) Pulverized fuel transportation and distribution system

Isolation valves

— —

To dust collector

9.6.3.2 System Arrangement.

9.6.3.2.1 The pulverizer and pulverized fuel-collecting, fuel-
pressurizing, and fuelfeeding equipment shall be located re-
motely from the blast furnace unless other design requirements
locate it close to the furnace.

9.6.3.2.2 The distribution system shall be located close to the
blast furnace.

9.6.3.2.3 The pulverizer fan shall be located ahead of the air
heater and the pulverizer, between the air heater and the pulverizer,
at the pulverizer outlet, or at the cyclone or dust collector vent.

9.6.3.2.4 This system shall include the following special
equipment:

(1) Pulverizer air heater

(2) Cyclone separator or other type of dust collector
(3) Cyclone pressure lock

(4) Pulverized fuel bin

(5) Pulverized fuel feed tanks

(6) Pressuretight isolation valves

Pressure lock —
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Feed tank
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Coal feeder
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damper
Pulverizer fan
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FIGURE 9.6.3.1 Blast Furnace Pulverized Fuel Injection System.
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(7) Injection air system

(8) Inert gas system

(9) Fuel injection lances
(10) Flow control of air or flue gas
(11) Vent dust collector

9.6.3.3 Valve Requirements.

9.6.3.3.1 Pressure locks shall be installed at the pulverized
fuel discharge of the cyclone separator or vent dust collector
return lines.

9.6.3.3.2 Dusttight Valves.

9.6.3.3.2.1 Special dusttight valves shall be installed at each
fuel outlet of the pulverized fuel bin, at the fuel discharge
outlet of each feed tank, and at each fuel outlet of the pulver-
ized fuel distributors.

9.6.3.3.2.2 These valves shall be tight at a pressure that is
1.5 times the required pressure in the feed tanks.

9.6.3.4 Isolation Requirements. Isolation damper(s) shall be
provided upstream of the pulverizer and at the discharge of
the cyclone separator to permit inerting in this system.

9.6.3.5 Operation.

9.6.3.5.1 Operating procedures for handling pulverized fuel
being injected to the blast furnace shall be established to avoid
fires and explosions in the pulverized fuel injection system.

9.6.3.5.2 Operation of Fuel Pulverizing Equipment. The prin-
ciples and procedures of 9.5.3 shall apply to this storage-
grinding system.

9.6.3.5.3 Operation of fuel injection equipment shall be as
follows:

(1) Ascertain that the blast furnace is in service before start-
ing the pulverized fuel injection system.

(2) Start the inert gas source.

(83) Start the injection air system blower or compressor and
pressurize the injection line to the distributor.

Raw fuel bin

Cold air

J(/

Raw fuel gate -

(4) Pressurize the filled pulverized fuel feed tank with inert gas.

(5) Open the dusttight valves in lines leaving the distributors.

(6) Establish transport airflow.

(7) Open the discharge dusttight valves from the pulverized
fuel feed tank.

9.6.3.5.4 Inert gas shall be used to fluidize and pressurize the
feed tank system.

9.6.3.5.5 Pulverized fuel flow shall be controlled by regulat-
ing the pressure drop across the system.

9.6.3.6 Normal Shutdown.
9.6.3.6.1 The shutdown sequence shall be as follows:

(1) Empty the fuel bin and feed tanks of pulverized fuel.
(2) Purge the injection and distribution system.
(3) Close the distributor dusttight valves.

9.6.3.6.2 If all pulverized fuel cannot be removed from the
system, inert gas shall be provided for the feed hoppers and
pulverized fuel bin when the system is idle.

9.6.3.7 Interlocking. In addition to the interlocking require-
ments of 9.4.7.4, the following shall be included:

(1) Failure of the pulverizer airflow trips the separately fired
air heater.

(2) Failure of the cyclone separator or other type of dust col-
lector pressure lock trips the raw coal feeder.

(3) Power failure closes all valves that are required to isolate
the system.

9.6.4 Firing System for Rotary Kilns.

9.6.4.1 Description of Direct-Firing System. This system is a
form of direct firing as described in 9.4.5.1 and shown in Fig-
ure 9.6.4.1(a) and Figure 9.6.4.1(b). The only special equip-
ment is an optional dust collector with a pressure lock for
cleaning hot air or gas.
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FIGURE 9.6.4.1(b) Direct-Fired Pulverized Fuel Systems for Rotary Kilns with Suction Pulverizer.

9.6.4.1.1 Isolation Requirements.

9.6.4.1.1.1 When a bypass air system is used, a bypass control
damper shall be installed.

9.6.4.1.1.2 A tempering damper shall be installed near the
kiln hood to protect the hot gas duct.

9.6.4.1.2 Operation.

9.6.4.1.2.1 Starting Sequence. The starting sequence shall be
as follows:

(1) Start the pressure lock.

(2) Start the primary air fan or exhauster.

(3) Start the air heaters, if furnished.

(4) Start the pulverizer.

(5) Start the raw fuel feeder.

(6) Adjust the primary air and fuel to the desired value.

9.6.4.1.2.2 Normal Operation. Normal operation shall be as
described in 9.5.2.2.

9.6.4.1.2.3 Normal Shutdown. The normal shutdown proce-
dure shall be as follows:

(1) Shut off the hot air.

(2) When the pulverizer is cool, stop the raw fuel feeder.
(3) When the pulverizer is empty, stop the pulverizer.
(4) Stop the primary air fan or exhauster.

(5) Stop the pressure lock.

9.6.4.1.3 Interlocking. Interlocking shall be as described in
9.4.7.

Chapter 10  Stokers

10.1* Purpose.

10.1.1 The purpose of this chapter shall be to establish mini-
mum requirements for the design, installation, operation, and
maintenance of stokerfired boilers, their fuel-burning systems,
and related control equipment in order to contribute to operat-
ing safety. The requirements of Chapters 1 through 4 shall apply
unless they conflict with the requirements of Chapter 10.
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10.1.2 Instrumentation, safety interlocks and protective de-
vices, operating sequences, and a clear understanding of fur-
nace explosions by designers and operators shall be utilized to
reduce the risks and actual incidents.

10.2* Fuel-Burning System.
10.2.1 System Requirements.
10.2.1.1 Subsystems.

10.2.1.1.1 The stoker fuel-burning system shall consist of the
following subsystems:

(1) Air supply

(2) Fuel supply

(3) Grate

(4) Furnace

(5) Combustion products removal
(6) Ash removal

10.2.1.1.2 Each subsystem shall be properly sized and inter-
connected to satisfy the functional requirements and not to
interfere with the combustion process.

10.2.1.2 The stoker fuel-burning system shall include the sub-
systems of 10.2.1.2.1 through 10.2.1.2.4.

10.2.1.2.1 Air Supply Subsystem. See 4.6.2.3.2.2.
10.2.1.2.2 Fuel Supply Subsystem.

(A) The fuel supply equipment shall be properly sized and
arranged to ensure a continuous, controlled fuel flow ad-
equate for all operating requirements of the unit.

(B) The fuel unloading, storage, transfer, and preparation
facilities shall be designed and arranged to size the fuel
properly, to remove foreign material, and to minimize in-
terruption of fuel supply. This requirement shall include
the provision of fuel sizing equipment and magnetic sepa-
rators where necessary.

(C)* Mass-fired municipal solid waste systems shall incorpo-
rate fire-detection and fire-extinguishing systems into and
over the feed system to extinguish and control the flashbacks
of fuel as it is being fed into the furnace. Extinguishing
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systems shall be capable of being used repeatedly without
taking the unit out of service.

10.2.1.2.3* Furnace Subsystem.

(A) The furnace shall be sized and arranged with respect to
the grate subsystem so that the grate is fired to maintain stable
combustion and minimize furnace pressure fluctuations.

(B) Observation ports shall be provided to permit inspection
of the furnace and grate.

(C) Observation ports and lancing doors for mass-fired
municipal solid waste units shall be provided with vision
ports that permit observation and operation of the unit
while puffs are expected and occurring and also with the
following components:

(1) Glasses shall be replaceable without taking the unit out of
service.

(2) Lancing ports with aspirators or other devices to safely
permit lancing of the fuel bed without restricting opera-
tions shall be provided when required by operating
conditions.

(D) Relatively high induced draft fan head capability is required
by flue gas cleaning equipment. The maximum negative furnace
pressure is determined primarily by the maximum head charac-
teristic of the induced draft fan; therefore, an objective of the
final design shall be to limit the maximum head capability of
draft equipment to that necessary for satisfactory operation. Fan
selection and arrangement of ductwork shall be designed to limit
the effect of negative head. (See Section 6.5.)

(E) The furnace and the flue gas removal system shall be
designed so that the maximum head capability of the induced
draft system with ambient air does not exceed the design pres-
sure of the furnace, ducts, and associated equipment. This
design pressure shall be defined the same as the wind and
seismic stresses of the ASCE 7, Minimum Design Loads for Build-
ings and Other Structures.

10.2.1.2.4 Ash Removal Subsystem.

(A) The grate subsystem and the flue gas cleaning subsystem
shall be sized and arranged so as to remove the ash at least at
the same rate it is generated by the fuel-burning process dur-
ing unit operation.

(B) Convenient access and drain openings shall be provided.
10.3 Combustion Control System.
10.3.1 System Requirements.

10.3.1.1 Furnace input shall be controlled to respond to the
energy demand under all operating conditions.

10.3.1.2 The air-fuel mixture shall be maintained within safe
limits as established by test under any boiler output condition
within the controllable operating range of the subsystem.

10.3.1.3 When changing the rate of furnace input, the air-
flow and fuel flow shall be changed simultaneously at the
proper rates to maintain a safe air-fuel ratio during and after
the change.

10.3.1.3.1 This requirement shall not prohibit provisions for
air lead and lag of fuel during changes in the firing rate.

10.3.1.3.2 Placing the fuel flow control on automatic without
the airflow in automatic shall be prohibited.

10.3.1.4 Furnace draft shall be maintained at the desired set
point in the combustion chamber.

10.3.1.5 A means shall be provided to prevent the control
system from demanding a fuel-rich mixture.

10.3.1.6 Equipment shall be designed and procedures shall
be established to allow as much on-line maintenance of com-
bustion control equipment as practicable.

10.3.1.7 Provisions for calibration and check testing of com-
bustion control and associated interlock equipment shall be
furnished.

10.3.2 Overfire Air. If applicable, the high pressure overfire air
turbulence system shall be controlled in either of two methods:

(1) Control of the blower outlet pressure using a manual set
point

(2) Control of overfire air in parallel with undergrate airflow

10.3.3 Flue Gas Analyzers. Consideration shall be given to

providing oxygen and combustibles meters for use as operat-

ing guides.

10.4 Operation.

10.4.1 General.

10.4.1.1 This section shall apply to typical stoker operation.

10.4.1.2 Manufacturers’ recommendations shall be consulted.

10.4.2 Start-Up (General).

10.4.2.1 After an overhaul or other maintenance, a complete
functional check of the safety interlocks shall be made.

10.4.2.2 Preparation for starting shall include a thorough
inspection and check, to include but not be limited to the
following:

(1) Furnace and gas passages in good repair and free of for-
eign material

(2) Evacuation of boiler enclosure and associated ductwork by
all personnel and closing of all access and inspection doors

(3) Supply of energy to control system and to safety interlocks

(4) Verification that the grate is clear of foreign material and
is operational

(5) Verification that the fuel feed system is clear of foreign
material and is operational

(6) Feeder control operational through full range

(7) All air and flue gas control dampers operational through
full range

(8) Establishment of proper drum level with clean, treated,
and de-aerated water

(9) Satisfactory operation of oxygen and combustible ana-
lyzers, where provided

(10) Setting of vent and drain valves in accordance with the

boiler manufacturer’s instructions

10.4.3 Start-Up Procedures (Cold Start). The cold start proce-
dure shall be as follows:

(1) Verify an open flow path from the inlet of the forced
draft fan to the stack. Where natural draft is not suffi-
cient for initial firing, start the induced draft fan and
maintain normal furnace draft.

(2) Fill feeder hopper with fuel, start feed mechanism, and
establish a bed of fuel on the grate.

(3) From outside the furnace, spray the bed with a light coat
of distillate oil or place oilsoaked rags or kindling on
fuel bed. Do not use gasoline, alcohol, or other highly
volatile material for light-off.
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(4) Open furnace access door, light a torch, and ignite fuel
by passing torch through the door.

(5) Startinduced draft fan (where the ID fan is not in opera-
tion) and place the draft control in automatic mode of
operation when the bed of fuel has ignited.

Caution: Excessive negative draft will, in some cases,
cause fuel to be pulled from the feeders onto the grate.

(6) Ensure that undergrate air pressure is always greater
than furnace pressure to prevent reverse flow.

(7) Start the forced draft fan with dampers at minimum po-
sition when the fuel bed is actively burning.

(8) Start the overfire air fan immediately to prevent damage
from gases passing through the ductwork.

(9) Start the fuel feed. Observe the operation and adjust the
fuel rate and air as required until the boiler steam pres-
sure is at its desired operating pressure.

(10) Place fuel and air in automatic mode of operation.

10.4.3.1 When starting up and firing high moisture fuel, the
operation of auxiliary fuel burners shall be evaluated.

10.4.3.2 Where a boiler is equipped with auxiliary gas or oil
burners, it shall be permitted to put the boiler on the line using
this auxiliary fuel and then to feed the solid fuel up on the grate,
where it will ignite from radiant heat of the auxiliary burners.

10.4.3.3 Care shall be taken to protect the grate from over-
heating.

10.4.3.4* In all cases, manufacturers’ instructions shall be
consulted.

10.4.4 Normal Operation.

10.4.4.1 The firing rate shall be regulated by increasing or
decreasing the fuel and air supply simultaneously to the
grate(s), maintaining normal air-fuel ratio at all firing rates.

10.4.4.2 Each stoker shall be equipped with adjustments for
the distribution of the fuel.

10.4.4.2.1 Manual adjustments for the distribution of fuel
shall be made based on the visual appearance of the fuel bed,
furnace, and flue gas analyzer.

10.4.4.2.2 Visual observations of the fuel bed conditions
through open doors shall be made with extreme care.

10.4.4.3 Manual adjustments to the individual rows of over-
fire turbulence air nozzles for maximum furnace efficiency
and minimum emission discharge shall be permitted.

10.4.4.4 Fuel shall be fed to maintain an even depth of ash. As
the percentage of ash in the fuel changes, adjustments shall be
made. The depth of ash at the discharge end of the crates shall
be observed.

10.4.5 Normal Shutdown. The normal shutdown procedure
shall be as follows:

(1) The boiler load shall be reduced manually to minimum
load.

(2) The fuel shutoff gates, where furnished above the fuel
feeders, shall be closed.

(3) The remaining fuel downstream from the shutoff gate
shall be burned out.

(4) Normal furnace draft shall be maintained throughout
this process.

(5) The overfire air fan shall be left running except in boilers
where manufacturer’s recommendations state otherwise.
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(6) After fuel feed ceases and the fire is burned out, the overfire
air and forced draft fan shall be operated in accordance with
the manufacturer’s recommended cool-down rate.

(7) The overfire air fan shall be left running until the furnace
and boiler are sufficiently cool to prevent damage to the
overfire system from a backflow of hot gases.

(8) Where the forced draft fan is shut off, a natural draft flow
of air through the grates shall be provided.

(9) For spreader stokers, fuel feeders with rotating devices
shall be left running to maintain even temperature until
the furnace has cooled sufficiently to prevent damage to
the rotating devices.

10.4.6 Normal Hot Start.

10.4.6.1 When itis desired to restart the unit after it has been
bottled up under pressure for a short time and when grate
burning has stopped, the start procedure shall be as follows:

(1) Verify that the fuel feed system is clear of foreign mate-
rial and is operational.

(2) Keep the feeder control operational through full range.

(3) Keep all air and flue gas control dampers operational
through full range.

(4) Establish the drum level.

(5) Set the vent and drain valves in accordance with the
boiler manufacturer’s instructions.

(6) Verify an open flow path from the inlet of the forced
draft fan to the stack. Where the natural draft is insuffi-
cient for initial firing, start the induced draft fan and
maintain normal furnace draft.

(7) Fill the feeder hopper with fuel, start a feed mechanism,
establish a bed of fuel on the grate, and ignite it.

(8) When the bed of fuel has ignited, start the induced draft
fan (where the induced draft fan is not in operation) and
place the draft control in automatic mode of operation.
Caution: Excessive negative draft will, in some cases, cause
fuel to be pulled from the feeders onto the grate.

(9) Undergrate air pressure shall always be greater than fur-
nace pressure to prevent reverse flow.

(10) When the fuel bed is actively burning, start the forced
draft fan with dampers at minimum position.

(11) The overfire air fan shall be started immediately to pre-
vent damage from gases passing through the ductwork.

(12) Start the fuel feed. Observe the operation and adjust the
fuel rate and air as required until boiler steam pressure
is at the desired operating pressure.

(13) Place the fuel and air in the automatic mode of operation.

10.4.6.2 When itis desired to restart the unit after it has been
bottled up under pressure for a short time and the grate fire
continues, the hot-start procedure shall be as follows:

(1) Establish the drum level.

(2) Set the vent and drain valves in accordance with the
boiler manufacturer’s instructions.

(83) Verify an open flow path from the inlet of the forced
draft fan to the stack. Where the natural draft is insuffi-
cient for initial firing, start the induced draft fan and
maintain normal furnace draft.

(4) Fill the feeder hopper with fuel.

(5) Start the induced draft fan (where the induced draft fan
is not in operation) and place the draft control in auto-
matic mode of operation.

Caution: Excessive negative draft will, in some cases,
cause fuel to be pulled from the feeders onto the grate.

(6) Ensure that undergrate air pressure is always greater
than furnace pressure in order to prevent reverse flow.
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(7) Start the forced draft fan with dampers at minimum po-
sition when the fuel bed is actively burning.

(8) Start the overfire air fan immediately to prevent damage
from gases passing through the ductwork.

(9) Start the fuel feed. Observe the operation and adjust the
fuel rate and air as required until boiler steam pressure
is at the desired operating pressure.

(10) Place fuel and air in automatic mode of operation.

10.4.7 Emergency Shutdown. In the situations in 10.4.7.1
through 10.4.7.5, the manufacturer’s emergency procedures
shall be followed.

10.4.7.1 For emergency shutdown caused by an interrup-
tion of fuel when the fuel supply cannot be restarted in a
very short length of time, the normal shutdown procedure
shall be followed.

10.4.7.2 Loss of Induced Draft Fan.

10.4.7.2.1 Loss of the induced draft fan shall require the
following:

(1) The induced draft damper going into the full open position

(2) The fuel feed being immediately shut off

(3) The forced draft fan being shut down

(4) The forced draft damper going into the closed position

(5) The overfire air fan remaining running and the overfire
airflow dampers being placed in the closed position

10.4.7.2.2 Paragraph 10.4.7.2.1 shall not apply to boilers
where the manufacturer’s recommendations state otherwise.

10.4.7.3 Loss of Forced Draft Fan.

10.4.7.3.1 Loss of the forced draft fan shall require the imme-
diate shutdown of the fuel feed and maintenance of normal
furnace draft.

10.4.7.3.2 Caution shall be exercised, because excessive
negative draft will cause fuel to be pulled from the feeders
onto the grate in some installations.

10.4.7.4 An emergency shutdown caused by loss of feedwater
shall require immediate completion of the following:

(1) The fuel feed shall be shut down.

(2) The forced draft fan shall be shut down.

(8) Normal furnace draft shall be maintained.

(4) The overfire air fan shall remain running, and overfire
airflow dampers shall be placed in the closed position.

10.4.7.4.1 Paragraph 10.4.7.4 shall not apply to boilers where
the manufacturer’s recommendations state otherwise.

10.4.7.4.2 The emergency shutdown procedure in 10.4.7.4
shall be permitted to vary in accordance with the manufactur-
er’s recommendations.

10.4.7.5 Critical Emergency Situations. The following critical
emergency situations shall require the following action:

(1) Low drum level

(a) Stop all fuel feed(s).

(b) Stop fan(s) that supply combustion air to the unit.

(c) Continue running the induced draft fan with the
combustion air damper at minimum setting to limit
continued combustion of the residual fuel bed.
Caution: Excessive negative draft will, in some
cases, cause fuel to be pulled from the feeders onto
the grate.

(2) High operating steam pressure

(a) Reduce all fuel feed(s).
(b) Decrease combustion air, and maintain furnace draft.

10.4.8* Multifuel Firing.

10.4.8.1 The total fuel input shall be limited to the maximum
design steaming capacity of the boiler.

10.4.8.2 Excess air shall be maintained at all times by con-
tinuously observing the burner flames, the air-fuel ratio, or an
oxygen indicator, where provided.

10.5 Furnace Inspection.

10.5.1 Personnel shall be prevented from entering the fur-
nace until slag deposits have been removed.

10.5.2 Personnel shall be protected from falling objects.

10.5.3 On overfeed mass burning stokers, the feed gate shall
be blocked open to prevent accidental dropping of the gate.

10.6 On-Line Maintenance.

10.6.1 Responsible actions shall be taken and furnace draft
shall be increased and maintained during the performance of
any maintenance that requires personnel exposure to the fur-
nace, such as grate and feeder work.

10.6.2 Protective clothing shall be worn by personnel per-
forming such maintenance.

10.6.3 When possible, such repairs shall be performed with
the unit shut down.

10.6.4 Any work that requires the presence of personnel inside
the undergrate plenum chamber while the unit is in operation
shall be prohibited.

10.7 Access Doors or Observation Ports.

10.7.1 Personnel shall use protective clothing and face
shields while viewing the furnace through access doors or ob-
servation ports and while manipulating the fuel or ash bed.

10.7.2 The furnace draft shall be increased before access
doors or observation ports are opened, in order to prevent any
potential blowback.

10.8 Ash Hopper Access Doors.

10.8.1%* Fly ash hopper access doors shall not be opened while
the boiler is operating because hot or smoldering fly ash that
may have bridged over the ash removal connection could cas-
cade out the door.

10.8.2 Small, capped clean-out connections shall be used at
the hopper bottom for unplugging bridged fly ash.

10.8.3 Precautions shall be taken when opening ash hopper
access doors after shutdown because hot or smoldering fly ash
that has bridged over the ash removal connection will cascade
out the door if disturbed. Because fly ash will smolder long
after unit shutdown, precautions shall be taken to avoid step-
ping into accumulated ash while inspecting equipment.

10.8.4 Vertical-lifting ash pit doors shall be securely blocked
open prior to personnel entry.

10.9 Ash Handling. Appropriate protective equipment shall
be utilized for hazards associated with ash handling that in-
volves high temperature materials and dust.

2004 Edition



85-144

BOILER AND COMBUSTION SYSTEMS HAZARDS CODE

Annex A Explanatory Material

Annex A is not a part of the requirements of this NI'PA document but is
included for informational purposes only. This annex contains explana-
tory material, numbered to correspond with the applicable text paragraphs.

A.1.1 Technological advances in recent years and, in particu-
lar, the pervasiveness of microprocessor-based hardware make
it even more important that only highly qualified individuals
be employed in applying the requirements of this code to op-
erating systems. Each type of hardware has its own unique
features and operational modes. It is vital that the designer of
the safety system be completely familiar with the features and
weaknesses of the specific hardware and possess a thorough
understanding of this code and its intent.

It is not possible for this code to encompass all specific
hardware applications, nor should this code be considered a
“cookbook” for the design of a safety system. Where applying
any type of equipment to a safety system, the designer should
consider carefully all of the possible failure modes and the
effect that each might have on the integrity of the system and
the safety of the unit and personnel. In particular, no single
point failure should result in an unsafe or uncontrollable con-
dition or a masked failure of a microprocessor-based system
that could result in the operator unwittingly taking action that
could lead to an unsafe condition.

In this code, the sections that apply to all fuels should be used
in conjunction with those covering the specific fuel utilized.

A.1.1.4(2) This can include some heavier-than-air gases.

A.1.1.7 TItis not possible for this code to encompass the spe-
cific hardware applications, nor should it be considered a
cookbook for the design of a safe HRSG system. An HRSG is a
complex system, often involving numerous components, mul-
tiple steam pressure levels, emission control systems, and aug-
mented air or supplementary firing.

The simplest combined cycle plant automatically has cer-
tain hazards that are common to all designs. Coupling various
designs of heat recovery units with combustion turbines of
varying characteristics in different configurations (such as
varying damper arrangements) can produce unique hazards.
The potential ineffective use of the combustion turbine as the
source of the purge and potential sources of substantial fuel
entering the HRSG from normal and false starts are major
considerations that need to be addressed.

Other concerns include special provisions such as auto-
matic transfer during transients, multiple stacks that can cre-
ate reverse flows, internal maintenance of the HRSG with the
combustion turbine in operation, multiplicity of cross connec-
tions between units to prevent shutdown, and fitting it into a
small space using finned tubes that are more sensitive to tem-
perature and subject to iron fires.

Insufficient failure analysis of arrangements, configurations,
and equipment can increase the number of damaging incidents,
lost production, and the possibility of personal injury or death. It
is vital that the designer of the combustion turbine and any
burner safety system(s) be completely familiar with the features,
characteristics, and limitations of the specific hardware and also
possess a thorough understanding of this code and its intent.

A.1.2 Combustion explosions involve several considerations.
The basic cause of uncontrolled fires or combustion explosions is
the ignition of an accumulated combustible mixture within the
confined space of a furnace, an HRSG, or a pulverizer, or the
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associated passes, ducts, and fans that convey the gases of com-
bustion to the stack.

Adangerous combustible mixture within the boiler, HRSG,
or pulverizer enclosure consists of the accumulation of an ex-
cessive quantity of combustibles mixed with air in proportions
that result in rapid or uncontrolled combustion when an igni-
tion source is supplied. An explosion can result from ignition
of this accumulation if the quantity of combustible mixture and
the proportion of air to fuel are such that an explosive force is
created within the enclosure. The magnitude and the intensity of
the explosion depend on both the relative quantity of combus-
tibles that has accumulated and the proportion of air that mixes
with the combustibles at the moment of ignition. Explosions, in-
cluding “pufls,” are the result of improper operating procedures
by personnel, improper design of equipment or control systems,
or malfunction of the equipment or control system.

Numerous conditions can arise in connection with the op-
eration of a system that produce explosive conditions. The
most common of these are as follows:

(1) An interruption of the fuel or air supply or ignition energy
sufficient to result in momentary loss of flames, followed by
restoration and delayed reignition of an accumulation

(2) Fuel leakage into an idle combustion chamber and the
ignition of the accumulation by a spark or other source of
ignition

(3) Repeated unsuccessful attempts to light off without ap-
propriate purging, resulting in the accumulation of an
explosive mixture

(4) The accumulation of an explosive mixture of fuel and air
as a result of loss of flame or incomplete combustion and
the ignition of the accumulation by a spark or other igni-
tion source, such as could occur when attempting to re-
light a burner(s)

(5) Purging with an airflow that is too high, which stirs up
smoldering combustible materials

The listed conditions favorable to an explosion are typical ex-
amples, and an examination of numerous reports of explosions
suggests that the occurrence of small explosions, puffs, or near
misses has been far more frequent than usually is recognized. It is
believed that improved instrumentation, safety interlocks and
protective devices, proper operating sequences, and a clearer un-
derstanding of the problem by both designers and operators can
greatly reduce the risks and actual incidence of explosions.

In a boiler or an HRSG, upset conditions or control mal-
function can lead to an air-fuel mixture that could result in a
flameout followed by reignition after a combustible air-fuel
ratio has been re-established.

Dead pockets might exist in a pulverized fuel system or in a
boiler or HRSG enclosure or other parts of the unit, where
combustible mixtures can accumulate under upset condi-
tions. These accumulations could ignite with explosive force
in the presence of an ignition source.

Furnace or HRSG implosions involve another set of consid-
erations. An implosion is the result of the occurrence of exces-
sively low gas side pressure, which causes equipment damage.
Two conditions that have caused implosions follow:

(1) A maloperation of the equipment that regulates the gas
flow, including air supply and flue gas removal, resulting
in exposure to excessive induced draft fan head capability

(2) The rapid decay of gas temperatures and pressure result-
ing from either a rapid reduction in fuel input or a master
fuel trip

A combination of the two listed conditions has resulted in
severe implosion incidents.
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A.1.4 Users of equipment covered by this code should adopt
those features that they consider applicable and practicable
for existing installations. Physical limitations could cause dis-
proportionate effort or expense with little increase in protec-
tion. In such cases, the authority having jurisdiction should be
satisfied that reasonable protection is provided.

In existing units, any condition that represents a serious
combustion system hazard should be mitigated by application
of appropriate safeguards.

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evalu-
ate testing laboratories. In determining the acceptability of
installations, procedures, equipment, or materials, the author-
ity having jurisdiction may base acceptance on compliance
with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an
organization that is concerned with product evaluations and is
thus in a position to determine compliance with appropriate
standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.3 Code. The decision to designate a standard as a “code”
is based on such factors as the size and scope of the document, its
intended use and form of adoption, and whether it contains sub-
stantial enforcement and administrative provisions.

A.3.2.5 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.3.3 Excess Air. This is not the same as airrich as defined
in 3.3.5.

A.3.3.13 Autoignition Temperature (AIT). For units covered
by this code, a spark or flame can be considered as the heating
or heated element. Published autoignition temperatures are
based on laboratory conditions. Consideration should be
given to the effect of actual operating conditions, including
temperature, pressure, and oxygen concentration.

A.3.3.25.2 Duct Burner. Duct burner designs include the use
of elbow burners. Elbow burners are located outside the duct
and discharge into the air or gas stream they are heating.

Duct burners may be used to increase the temperature of
flue gas such as in Selective Catalytic Reduction (SCR) retro-
fits and as flue gas reheaters following scrubbers.

A.3.3.26 Burner Management System. The burner manage-
ment system can include the following functions as specified
in this code: interlock system, fuel trip system, master fuel trip
system, master fuel trip relay, flame monitoring and tripping
systems, ignition subsystem, main burner subsystem, warm-up
burner subsystem, bed temperature subsystem, and duct
burner system.

A.3.3.96 Master Fuel Trip. For HRSGs, a master fuel trip does
not shut off fuel to the combustion turbine.

A.4.1 Project inception phase. Safety in any plant is directly influ-
enced by an extensive upfront effort in the engineering, design,
and selection of equipment for each individual application. In
the project inception phase, the following should be accom-
plished to ensure a plant design that meets expected operating
modes and reliability needs:

(1) Establishment of plant operating parameters

(2) Identification of site-related constraints

(3) Review of steam cycle, including generating a family of
heat balance diagrams for the expected operating ranges
and modes

(4) Conceptualization of plant layout to provide for person-
nel safety, operability, and maintenance needs

(5) Definition and verification of requirements of worst-case
operating transients, including start-ups

(6) Definition of required test program

(7) Definition of start-up criteria and goals

(8) Identification of the authority having jurisdiction. If mul-
tiple authorities having jurisdiction are identified, the scope
of each authority having jurisdiction should be determined.

(9) Establishment of electrical area classifications by the
owner or the owner’s designated representative in con-
junction with the boiler or HRSG system designer

Equipment planning. The project should consider the use of

dynamic simulation, prior operating experience, or both be-

fore equipment is selected. Dynamic simulation, where uti-

lized, should include development of the following:

(1) Configuration and data initialization

(2) Plant behavior knowledge

(8) Preliminary control system design and tuning

(4) Validation of operating requirements (system performance)

(5) Transients and ramps for intended and unintended oper-
ation

A.4.1.3 The maximum number of automatic trip features

does not necessarily provide for maximum overall safety.

Some trip actions result in additional operations that increase

exposure to hazards.

A.4.3.1 Human error. Statistics indicate that human error is a
contributing factor in the majority of explosions. It is important
to consider whether the error was a result of any of the following:

(1) Lack of understanding of, or failure to use, proper oper-
ating procedures, safeguards, and equipment
(2) Unfavorable operating characteristics of the equipment
or its control
(3) Lack of functional coordination of the various compo-
nents of the steam-generating system and its controls
Unfavorable function design. Explosions have occurred as a
result of unfavorable functional design. Investigations fre-
quently revealed human error but overlooked the chain of
causes that triggered the operating error completely. There-
fore, the design, installation, and functional objectives of the
overall system of components and their controls should be
integrated. Consideration should be given to the existing er-
gonomics that can affect system operation.
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A.4.3.2 Integration of the various components of these sys-
tems is accomplished by the following:

(1) Design and operating personnel who possess a high de-
gree of competence in this field and who are mandated to
achieve these objectives

(2) Periodic analysis of the plant with respect to evolving tech-
nology so that improvements can be made to make the
plants safer and more reliable

(3) Documentation of the plant equipment, systems, and main-
tenance

A.4.4.1.1 An example of an inspection and maintenance
schedule is as follows:

(1) Daily: flame failure detection system, low water level cut-
out, and alarm

(2) Weekly: igniter and burner operation

(3) Monthly: fan and airflow interlocks, fuel safety shutoff valves
for leakage, high steam pressure interlock, fuel pressure and
temperature interlocks for oil, high and low fuel pressure
interlocks, and gas strainer and drip leg for gas

(4) Semiannually: burner components; flame failure system
components; piping, wiring, and connections of all inter-
locks and shutoff valves; calibration of instrumentation
and combustion control system

A.4.4.2.1.1 The operator training program should consist of
one or more of the following:

(1) Review of operating manuals and videotapes

(2) Programmed instruction

(3) Testing

(4) Use of simulators

(b) Field training

(6) Other procedures as agreed upon by the manufacturers
and the users

A4.4.2.2.1 The maintenance training program should con-
sist of one or more of the following:

(1) Review of maintenance manuals and videotapes

(2) Programmed instruction

(3) Testing

(4) Field training

(5) Other procedures as agreed upon by the manufacturers
and the users

A.4.5.5 The minimum airflow value (25 percent for most
boilers) is based on historical experience in reducing the oc-
currence of explosions. This value is based on safety consider-
ations and could be in conflict with economic considerations
or emission limits. Factors considered in establishing the mini-
mum airflow include the following:

(1) Removal of combustibles and products of combustion

(2) Cooling requirements for burners that are out of service

(3) Accuracy of total burner airflow, individual burner air-
flow, and other airflow measurements

(4) Accuracy of burner air and main burner fuel distribution

(5) Effect of thermal and pressure transients within the com-
bustion chamber on the air and main burner fuel flows

(6) Impact of air leakage

(7) Wear and deterioration of the unit and equipment

(8) Operational and control margins

A.4.6.1 The transient internal design pressure defined in
4.6.1 should be taken into consideration in the design of the
airflow and gas flow path from the forced draft fan discharge
through the stack.
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A.4.6.1.1 Examples: If the test block capability of the forced
draft fan at ambient temperature is +6.2 kPa (+25 in. of water),
then the minimum positive design pressure is +6.2 kPa (+25 in. of
water).

If the test block capability of the forced draft fan at ambient
temperature is +9.9 kPa (+40 in. of water), then the minimum
positive design pressure is +8.7 kPa (+35 in. of water).

CAUTION: Furnace design pressure greater than those speci-
fied in 4.6.1.1 could result in a more severe energy release of
the furnace enclosure if a fuel explosion occurs.

A.4.6.1.2 The induced draft fan head capability increases due
to significant draft losses beyond the air heater or for other
reasons such as excessive induced draft fan test block margins.
Where the induced draft fan test block capability is more nega-
tive than —8.7 kPa (=35 in. of water), consideration should be
given to an increased negative design pressure.

Examples: If the test block capability of the induced draft fan
at ambient temperature is —3.7 kPa (—15 in. of water), then the
minimum negative design pressure is —3.7 kPa (=15 in. of water).

If the test block capability of the induced draft fan at ambient
temperature is —9.9 kPa of water (=40 in. of water), then the
minimum negative design pressure is —8.7 kPa (=35 in. of water).

A.4.6.2.3.2.4 Many factors affect the classification of the ignit-
ers, including the characteristics of the main fuel, the combus-
tion chamber and the burner design, and the igniter capacity
and location relative to the main fuel burner.

A.4.6.2.4.1 Atmospheric vent valves located between shutoff
valves are intended to relieve any gas pressure that builds up due
to failure of the first (upstream) shutoff valve. This precaution
minimizes the potential for leakage into an idle furnace or
HRSG. To perform properly, these valves should be large enough
to relieve gas to the atmosphere at a rate equal to the potential
leakage rate. In the absence of other justification, vent pipe sizes
should conform to Table 4.6.2.4.2. Special precautions should be
taken to vent heavier-than-air gases safely.

A.4.6.3.2 Some items are not applicable to specific types of
logic systems (e.g., relay).

A4.6.3.2.2 The primary concern is alarm conditions that
pose a threat of impending or immediate hazards.

A.4.6.4.2.4 Methods and equipment used to reduce the emis-
sion of air pollutants affect the burner flame, selection of the
flame detector, and location/sighting of the flame detector.

A.4.6.5 Users of this code are encouraged to use judgment in
the application of these guidelines for all process and safety
functions contained in a distributed control system.

For data transmission, the following should be considered:

(1) Every input should be sampled at an interval no longer
than 1 second. Every output should be updated at an in-
terval no longer than 1 second.

(2) For protective actions, the system should be able to con-
vert a changed input sensor value to a completed output
control action in less than 25 milliseconds.

(3) Changes in displayed data or status should be displayed
within 5 seconds.

(4) Data acquisition and transmission systems should be pro-
tected from noise pickup and electrical interference.

(5) In redundant systems, the data links should be protected
from common mode failures. Where practicable, redun-
dant data links should be routed on separate paths to pro-
tect against physical damage that disables both data links.



ANNEX A

85-147

For hardware, the following should be considered:

(1) The hardware selected should have adequate processor ca-
pacity to perform all the functions required for start-up se-
quencing, normal operation alarming, monitoring, and
shutdown of the controlled equipment. Capacity also should
be available for data storage and sorting; this capacity can be
permitted to be located in a separate processor.

(2) Selection should take into consideration the requirements
for reliability, maintainability, and electrical classification.

(3) The hardware should provide for automatic tracking be-
tween auto-manual functions to allow for immediate
seamless transfer.

(4) The hardware should be capable of stable dynamic control.

(5) The hardware should be capable of thorough self-
diagnosis.

(6) Consideration should be given to all levels and types of
electrical interference that can be tolerated by the hard-
ware without compromising its reliability or effectiveness.

(7) Fail-safe operation should be obtained through a thor-
ough and complete analysis of each control loop and by
providing for a failure of thatloop (i.e., valve/actuator) to
cause a fail-safe position.

For software, the following should be considered:

(1) The software package should be designed to include all
logic to provide a safe and reliable control system. When
the software calls for the operation of a field safety device,
a feedback signal should be provided to prove that the
requested operation has taken place, and an alarm should
be actuated if the action is not confirmed in a specified
amount of time.

(2) The software package should be checked to ensure that
no unintended codes or commands are present (e.g., vi-
ruses or test breaks). The software package should be
tested and practiced before being loaded into the plant
site computers or processors.

(3) The software system should be protected from inadvert-
ent actions by operators and also should be tamper-
proof.

(4) Written procedures should specify the functions that can
and cannot be accessed by the operator and those func-
tions that require additional authorization for access.

(5) The software should be permitted to provide for authorized
on-line changes of the timers and set points, provided the
safety of the operating equipment is not compromised.

(6) The software should implement and enhance the self-
diagnostic hardware.

A.4.6.5.1.3 Combustion control system design is addressed
in ISA 77.41, Fossil Fuel Power Plant Boiler Combustion Controls.
The combustion control system is one of the components of
the overall boiler control system. Other components of the
boiler control system are addressed by the following stan-
dards: ANSI/ISA 77.42.01, Fossil Fuel Plant Feedwater Control
System — Drum Type; ANSI/ISA 77.43, Fossil Fuel Plant Unit/
Plant Demand Development — Drum Type; ANSI/ISA 77.44.01,
Fossil Fuel Plant Steam Temperature Control System — Drum Type;
and ANSI/ISA 77.44.02, Fossil Fuel Plant Steam Temperature
Control System — Once-Through Type.

A.4.6.5.2.10 Continuous on-line analysis of the oxygen,
combustibles, and carbon monoxide content of the flue gas
stream are valuable tools for use as an operating guide and
for control.

Caution should be exercised in the interpretation of
combustibles meter indications. Many meters and associ-
ated sampling systems measure only gaseous combustibles.
Therefore, the lack of meter indication of combustibles
should not be proof that unburned particles or other com-
bustibles are not present.

A.4.6.5.3.3 HRSGs maintain a minimum of 25 percent com-
bustion turbine exhaust flow, beyond which there is no auto-
matic control of airflow.

A.4.6.7.5 A sequence of events recorder, where provided,
should time-tag events with a resolution of 10 milliseconds
or less.

A.4.6.8 Some authorities having jurisdiction require the in-
stallation of selective catalytic reduction systems in some
boiler or HRSG systems to reduce the emissions of NO,. Be-
cause such a system has a narrow range of optimum operating
temperatures and is subject to maximum temperature limita-
tions lower than many combustion turbine full-load exhaust
temperatures or furnace exit gas temperatures, it usually is
installed between the economizer outlet and the air pre-
heater inlet for boilers or between heat transfer surfaces in
an HRSG.

The chemical process of reduction necessitates the addi-
tion of ammonia to reduce NO, to nitrogen and water in the
presence of the catalyst. In addition, if the fuel contains sulfur,
areaction that results in the formation of ammonium bisulfate
can occur. This material tends to deposit both on the catalyst
and on metallic surfaces downstream of the reactor section,
primarily at low temperatures.

Although troublesome in terms of corrosion, fouling, and
material life, ammonium bisulfate does not directly affect
flame safety. It is common practice to use either anhydrous or
aqueous ammonia as the reducing agent in a selective catalytic
reduction (SCR) system. Ammonia on demand (urea) systems
generate ammonia in the anhydrous form. These chemicals
(aqueous ammonia and anhydrous ammonia) are not inter-
changeable, and a specific system design is needed depending
on the form used at a particular installation. Both forms, on
release, are considered a potential health hazard. Ammonia
gas is flammable in air at concentrations between 16 percent
and 25 percent by volume. Such concentrations usually are
not encountered. The system should provide the necessary
features to ensure that such concentrations cannot occur dur-
ing abnormal conditions.

Due to the corrosive nature of ammonia, material selection
is an important consideration. Aqueous ammonia usually is
stored in a closed vessel to prevent the release of vapor. Such
vessels are designed for low [less than a gauge pressure of
344.7 kPa (50 psi)] pressures and only approach the design
pressure under high ambient temperature conditions. Anhy-
drous ammonia is stored in a concentrated liquid-vapor form
in closed vessels. Under ambient temperature conditions,
pressures higher than those observed with aqueous ammonia
can result.

Precautions should be taken when selecting a storage area
for ammonia, because the pressure in storage vessels can rise
significantly when exposed to elevated temperatures. Vessels
builtin accordance with the ASME Boiler and Pressure Vessel Code
are required.
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A.5.3.1.9 See Figure A.5.3.1.9 for typical main oil burner system

arrangement.

A.5.3.2 For additional information, see NFPA 54, National
Fuel Gas Code, and NFPA 58, Liquefied Petroleum Gas Code.

A.5.3.2.3 Main burner gas supply. Special precautions are re-
quired in locating the vent pipe from the automatic bleed
valve so that heavier-than-air, vented gases do not accumu-
late in depressions or in confined areas. An alternative to
the automatic venting of heavier-than-air gases is to elimi-
nate the main vent valve from between the two main safety
shutoff valves. See Figure A.5.3.2.3 for a typical main gas
burner system arrangement.

A.5.3.4.1 See Figure A.5.3.4.1 for typical ignition system ar-
rangements for a gas- or oilfired burner.

A.5.3.4.1.1.3(A) The purpose of this requirement is to ensure
that the main flame is self-supporting, is stable, and is not
dependent on ignition support from the igniter.

A.5.3.4.1.3 For heavier-than-air gases and gas-fired igniters,
many oil-fired boilers are equipped with propane or other
liquefied petroleum gas (LP-Gas) —fired igniters. Special
precautions are required in locating the vent pipe from the
automatic bleed valve so that heavier-than-air, vented gases
do not accumulate in depressions or in confined areas. An
alternative to the automatic venting of heavier-than-air
gases is to eliminate the igniter vent valve from between the
two igniter safety shutoff valves. (See Figure A.5.3.4.1.)

A.5.3.4.2.2.2 Such transients are generated by burner control
valves, dampers, and other equipment that operate at speeds
faster than the speed of response of other components in the
system.

A.5.3.4.6.1 Tall stacks can produce furnace draft conditions
that adversely affect flame stability and could require special
draft control provisions.

A.5.3.5 The American Boiler Manufacturers Association pub-
lication Combustion Control Guidelines for Single Burner Firetube
and Watertube Industrial/Commercial/Institutional Boilers con-
tains additional information on this subject.

Clearing

Oil supply

Recirc. to tank

or pump inlet
Oil
NS burner

Atomizing T z o T
medium - L
supply w ; z

N :
Alternate
atomizing T z
medium
supply Trap Drain

* Caution: Refer to the requirements of 5.3.1.9 and 5.3.1.10.

A Safety shutoff valve, spring closing (NC) L

B  Oil recirculation valve atomizing (NO) M Oil meter (optional)
(optional for unheated oil) N

D OQil flow control valve O Oil strainer

F Low oil temperature switch (not applicable P
for unheated oil)

G High oil temperature switch (not applicable R Low pressure switch
for unheated oil) S Pressure gauge

I Closed position interlock on safety T Manual shutoff valve
shutoff valve U

J  Atomizing medium differential control valve unheated oil)

Automatic atomizing medium shutoff valve

Low atomizing medium pressure switch

switch, or pressure interlock switch

Oil temperature gauge (optional for

W  Atomizing medium strainer

X Low fire start switch

Y Atomizing medium flow orifice
Z Check valve

Atomizing medium flow interlock differential

Safety shutdown interlocks (not shown)

Flame detector(s)

Excessive steam pressure interlock
Auxiliary low water cutoff (one required)
Combustion air supply interlock

Note: NC = normally closed, de-energized; NO = normally open, de-energized

FIGURE A.5.3.1.9 Typical Fuel and Atomizing Medium Supply Systems and Safety Controls for Oil Burner.
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Gas supply
Main burner
To ignition system

A Safety shutoff valve, spring closing (NC) L Leakage test connection Safety shutdown interlocks (not shown)

C Vent valve, spring opening (NO) M Gas meter (optional) Flame detector(s)

D Gas flow control valve N Drip leg _ Excessive steam pressure interlock

H Gas strainer Q High gas pressure switch (excessive water temperature and pressure

I Closed position interlock on valve R Low gas pressure switch interlock for hot water boilers)

safety shutoff S Pressure gauge Auxiliary low water cutoff (one required)
J  Constant gas pressure regulator valve T Manual shutoff valve Combustion air supply interlock
K Vent line manual shutoff valve for leakage X Low fire start switch

testing (locked or sealed open)

Note: NC = normally closed, de-energized; NO = normally open, de-energized

FIGURE A.5.3.2.3 Typical Fuel Supply Systems and Safety Controls for Gas Burner.

Vent to atmosphere

DL Igniter

Natural
gas supply
A Safety shutoff valve, spring closing (NC) N Drip leg
C Vent valve, spring opening (NO) (optional) S Pressure gauge
H Gas strainer T Manual shutoff valve
J  Constant gas pressure regulator

S

O
\/
AT
(6]
. . ) Y

Light oil : i Igniter
pilot supply
O lIgniter oil strainer V  Pilot oil safety shutoff valve,
S Pressure gauge spring closing (NC)
T Manual shutoff valve Y Pilot oil pressure regulator (optional)

Note: NC = normally closed, de-energized; NO = normally open, de-energized

FIGURE A.5.3.4.1 Typical Ignition Systems for Gas- or Oil-Fired Burner.
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A.5.3.5.3 Consideration should be given to the effects of fuel
and air pressure and temperature fluctuations as related to
the airflow and the performance of the fuel flowmeter in regu-
lating the fuel-air ratio.

A.5.3.6.5 The use of safety control circuit voltages of greater
than 120 volts nominal is not recommended.

A.5.3.8.1 Locations at which natural gas, propane, or fuel oil
systems are installed in compliance with this code normally
are not considered hazardous locations for electrical equip-
ment as defined in NFPA 70, National Electrical Code.

A.5.3.9 The special problems of low NO, operation include
the following:

(1) Air pollution control regulations require that new instal-
lations meet NO, emission limits that are lower than emis-
sions now obtained from many of the presently installed
firing systems and furnace designs, which are using past
operating procedures. In addition, air quality regulations
in some local areas require a reduction of NO, emissions
from existing boilers.

(2) To achieve those reductions, one or more of the following
methods should be used:

(a) Low excess air firing (i.e., less than the “normal” 10 per-
cent to 25 percent excess air)

(b) Multistage air admission, involving the introduction
of combustion air in two or more stages partly at the
fuel nozzle, which could be less than stoichiometric
air, and partly by independent admission through
special furnace ports; and a second stage of air admis-
sion within the same burner housing

(c) Flue gas recirculation into all or a portion of the sec-
ondary air

(d) Reduced secondary air temperature

(e) Fuel staging

(f) On new units, introduction of new burner and fur-
nace designs by equipment manufacturers

(3) Generally, the effect of all these methods is to produce
lower flame temperatures and longer, less turbulent
flames, which result in lower NO,.

The hazards of low NO, firing methods include the following:

(1) The following methods have important implications with
regard to furnace safety, particularly for existing units,
and could introduce unacceptable risks if proper precau-
tions are not taken:

(a) Fuelfiring systems that are designed to reduce NO,
emissions tend to reduce the margins formerly available
to prevent or minimize accumulations of unburned fuel
in the furnace during combustion upsets or flameouts.
Thus, it is important to trip fuel on loss of flame.

(b) These methods can narrow the limits of stable flames
that are produced by the burner system. The tests,
which are specified in 5.3.4.2.2, should be repeated on
existing units when any of these methods are employed.

(c) When flue gas recirculation is used, equipment should
be provided to ensure proper mixing and uniform dis-
tribution of recirculated gas and the combustion air.
When flue gas recirculation is introduced into the total
combustion air stream, equipment should be provided
to monitor either the ratio of flue gas to air or the oxy-
gen content of the mixture. When flue gas recirculation
is introduced so that only air and not the mixture is
introduced at the burner, proper provisions should be
made to ensure the prescribed distribution of air and
the recirculating flue gas—air mixture.
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(d) All of the methods tend to increase the possibility of
an unstable flame and unburned combustibles
throughout the unit and ducts. Therefore, recom-
mendations of the boiler, burner, and instrument
manufacturers should be followed, or tests should be
conducted to verify operating margins.

(2) Any change in flame characteristics to reduce NO, emis-
sions can require changing either or both the type and
location of flame detectors on existing units.

A.5.4.3.1.2 See Figure A.5.3.1.9 for a diagram of a typical de-
sign for alternate atomizing air supply.

A.5.5.1 Manual systems for watertube boilers. It is recognized that
with adequate and uninterrupted supplies of fuel and air, cer-
tain operating functions can be performed by a trained opera-
tor as well as by control devices. Typical controls and inter-
locks provided on a manual system include the following:

(1) Class 2 or Class 3 igniters.
(2) Safety shutoff valves, as follows:

(a) Gas firing. Two automatic spring-closing safety shutoff
valves in the gas line to the main burner, with inter-
mediate spring opening automatic vent valve

(b) 01l firing. Two automatic spring-closing safety shutoff
valves in the oil line to the burner.

Caution: Means should be provided to prevent or re-
lieve excess pressure between these valves.

(c) Gasfired igniter. Two spring-closing automatic safety
shutoff valves in the gas line to the igniter, with inter-
mediate, spring-opening automatic vent valve

(3) Manual shutoff valve(s) in the fuel line(s) adjacent to the
burner. For gas firing, the shutoff valves should be proved
closed before the spark to the igniter can be energized and
the igniter and main gas safety shutoff valves can be opened.

(4) Changes in firing rate are made by the simultaneous adjust-
ment of fuel and air supplies at a pre-established, optimum
air-fuel ratio by the manipulation of a single control device.

(5) Limits on fuel and air to prevent reducing the furnace
input below the point of stable burner operation are pro-
vided. The minimum and maximum points of stable
burner operation are defined by the burner manufac-
turer and verified by operating investigation.

(6) Safety shutdown interlocks include the following:

~

(a) Low oil pressure
(b) High gas pressure
(c) Low gas pressure
(d) Loss of combustion air supply
Caution: Excessive recycling to achieve a burner light-off
could lead to accumulation of a hazardous amount of fuel
in the furnace and should be avoided.
(7) Where oil heating is provided, the following conditions
sound an alarm:
(a) Low oil temperature
(b) High oil temperature

A.5.5.2.6.2(1) For ultraviolet flame detection systems, it is
recommended that early spark termination be used.

A.5.5.2.6.3(1) For ultraviolet flame detection systems, it is
recommended that early spark termination be used.

A.5.5.2.6.4(1) For ultraviolet flame detection systems, it is
recommended that early spark termination be used.
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A.5.5.2.6.9 Supplemental recommendations and precau-
tions include the following:

(1) High oil burner pressure protection. In addition to the require-
ments in 5.5.2.6.9(A), it is recommended that an evalua-
tion be performed to determine the need for protection
against high oil burner pressure.

(2) Recovering from a fuel-rich furnace condition. If an air defi-
ciency should develop while flame is maintained at the
burners, the fuel should be reduced until the normal air-
fuel ratio has been restored. If fuel flow cannot be re-
duced, airflow should be increased slowly until normal
air-fuel ratio has been restored.

(3) Fuel quality. It should be recognized that fuels that are
available today contain unexpected constituents. There-
fore, engineering systems and material designs must take
into consideration these potential variables.

A.5.5.4.2.2(1) For ultraviolet flame detection systems, it is
recommended that early spark termination be used.

A.5.5.4.2.7 Supplemental recommendations and precau-
tions include the following:

(1) High oil burner pressure protection. In addition to the require-
ments in 5.5.4.2.7(A), it is recommended that an evalua-
tion be performed to determine the need for protection
against high oil burner pressure.

(2) Recovering from a fuel-rich furnace condition. If an air defi-
ciency should develop while flame is maintained at the burn-
ers, the fuel should be reduced until the normal air-fuel ra-
tio has been restored. If fuel flow cannot be reduced, airflow
should be slowly increased until the normal air-fuel ratio has
been restored.

(3) Fuel quality. It should be recognized that fuels that are
available today contain unexpected constituents. There-
fore, engineering systems and material designs must take
into consideration these potential variables.

A.5.5.6.4 In addition to the requirements in 5.5.6.4, it is rec-
ommended that an evaluation be performed to determine the
need for protection against high oil burner pressure.

A.5.6.1 In addition to the hazards related to gas firing alone
and to oil firing alone, which are described in Annex K, simul-
taneous firing of gas and oil increases the potential for the
following hazardous conditions:

(1) A fuel-rich condition
(2) An abrupt change in the air-fuel ratio
(3) Overfiring of a boiler

A.5.6.5.3 In addition to the requirements in 5.6.5.3, it is rec-
ommended that an evaluation be performed to determine the
need for protection against high oil burner pressure.

A.5.7.1 In addition to the hazards related to gas firing alone
and to oil firing alone that are included in Annex K, simulta-
neous firing of gas and oil for transfer increases the potential
for the following hazardous conditions:

(1) A fuel-rich condition
(2) An abrupt change in the air-fuel ratio
(3) Overfiring of a boiler

A.5.8.1 In addition to the hazards related to oil firing alone
that are included in Annex K, the changeover from one oil
atomizer to an auxiliary oil atomizer and back increases the
potential for the following hazardous conditions:

(1) Afuelrich condition
(2) An abrupt change in the air-fuel ratio

Care should be taken to prevent a fuel-rich condition dur-
ing the changeover period.

A.6.2.3 No code guarantees the elimination of furnace explo-
sions and implosions in multiple burner boilers. Technology
in this area is evolving constantly, which is reflected in revi-
sions to this code.

A.6.4.1 Unattended operation of larger units is not recom-
mended.

A.6.4.2.1.3 The mandatory automatic trips specified in 6.4.2.3
represent that portion of automatic trips for which sufficient ex-
perience has been accumulated to demonstrate a high probabil-
ity of successful applications for all units. The use of additional
automatic trips, while not mandatory, is recommended.

A.6.4.2.1.6 Not all conditions conducive to a furnace explo-
sion or implosion are detected by the mandatory automatic
trip devices, even if the devices are adjusted and maintained in
accordance with the manufacturer’s instructions and as re-
quired by this code.

A.6.4.2.3.1 In block 8 of Table 6.4.2.3.1(a), the partial loss of
flame described is potentially more hazardous at lower load lev-
els. The decision regarding specific requirements or implemen-
tation of this trip should be a design decision based on furnace
configuration, total number of burners, number of burners af-
fected as a percentage of burners in service, arrangement of
burners affected, interlock system, and load level. This trip is in-
terlocked through flame supervisory equipment.

In block 9 Table 6.4.2.3.1(a), the tables referenced de-
scribe the allowable differences in operating procedures
based on the classification of igniter being used. The following
descriptions of conditions are typical for both Table 6.4.2.3.1(b)
and Table 6.4.2.3.1(c).

(1) Condition 1: An event in which, after a successful boiler
purge, an attempt(s) to place the first igniter in service fails

(2) Condition 2: An event in which an igniter(s) has been
proven in service and subsequently all igniters are shut
down without the attempt ever having been made to place
a burner or pulverizer in service

(3) Condition 3: An event in which gas and/or oil fuel burners
were started or attempted to start and all burner valves were
subsequently closed while igniters remain proven in service

(4) Condition 4: An event in which a pulverizer system(s) was
started up or attempted to start up and subsequently all
pulverizer systems were shut down while igniters remain
proven in service

(5) Condition 5: An event in which any fuel has been placed in
service and all fuel subsequently shut off

In the event that any main fuel is shut down while any other
main fuel remains proven in service, the all-fuel-off master fuel
trip requirements do not apply.

A.6.4.2.3.6 For the trip specified in 6.4.2.3.6(E), a short time
delay might be necessary to prevent tripping on rapid tran-
sients that do not present a hazard.

A.6.4.2.3.6(A) Variable speed and axial flow fans require spe-
cial provisions.

A.6.4.2.3.7 For the trips specified in 6.4.2.3.7(E) and
6.4.2.3.7(F), a short time delay might be necessary to prevent
tripping on rapid transients that do not present a hazard.
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A.6.4.2.3.7(A) Variable speed and axial flow fans require special

provisions.

A.6.4.2.3.9.2(C) Several means are available to indicate loss
of coal feed to the pulverizer, loss of coal stored within the
pulverizer, and loss of coal input to the burners. At least one of
these means, but preferably a combination, must be used to
indicate loss of coal.

The conditions under which the igniters are to ignite the
input should be established before restarting the feeder. (See
6.8.5.4.3.)

A.6.4.2.3.10(8) This signal should be based on steam flow,
main fuel flow, turbine load, burners in service, or any combi-
nation thereof, or on other means to ensure that tempera-
tures in the reburn zone are greater than the autoignition
temperature of the reburn fuel.

A.6.4.2.3.11 Flue gas or catalyst temperature outside specified
limits is a recommended but not mandatory interlock. Operating
with these temperatures outside the design range can be detri-
mental to downstream components or to the environment. Con-
sideration should be given to providing interlocks for ammonia
in air concentrations greater than 9.6 percent in the ammonia
feed system. The lower explosive limit (LEL) for ammonia in air
is 16 percent. NFPA 69, Standard on Explosion Prevention Systems,
requires that for an interlocked system concentrations of this
type be held below 60 percent of the LEL, which in this case is
9.6 percent (see NI'PA 69, 5.7.2.5 and 5.7.2.7)

A.6.4.2.3.12.1(5) Some duct burner designs might require a
duct burner trip on partial loss of flame.

A.6.4.3.1.1 The functional requirement of any alarm system
should be to bring a specific condition to the attention of the
operator.

A.6.4.3.2 Additional alarms and monitors are recommended.
In addition to the required alarms, the following alarms are
recommended to indicate abnormal conditions and, where
applicable, to alarm in advance of an emergency shutdown. It
is recommended that provisions be made in the design for
possible future conversion to automatic trips in the interlock
system:

(1) Burner register closed. This alarm provides control room
indication or alarm for the condition that all secondary
air burner dampers are closed on an operating burner.

(2) Combustibles or carbon monoxide (high). This alarm warns
the operator of a possible hazardous condition by alarm-
ing when measurable combustibles are indicated and by
providing a second alarm when combustibles reach a
dangerous level.

(3) Oxygen (low). This alarm warns the operator of a possible
hazardous condition.

(4) Flue gas analyzer failure. This alarm warns the operator
that some failure has occurred in the detection or sam-
pling system and that the associated reading or alarms
cannot be trusted.

(5) Change in calorific content of the fuel gas. In the event that
the gas supply is subject to heating value fluctuations in
excess of 1863 kJ/m® (50 Btu/ft®), a meter in the gas sup-
ply or an oxygen meter on the flue gas should be provided.

(6) Awrfuel ratio (high and low). If proper metering is in-
stalled, this alarm can be used to indicate a potentially
hazardous air-fuel ratio with an alarm indicating ap-
proach to a fuel-rich condition and a second alarm indi-
cating approach to a hazardous fuel-rich condition.
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(7) Flame detector trouble. This alarm warns the operator of a
flame detector malfunction.

(8) Main oil viscosity (high). If the viscosity of the fuel supply is
variable, it is recommended that a viscosity meter be
used to provide the alarm. Interlocking to trip on high
viscosity also should be considered in such cases.

(9) Ignition fuel supply pressure (low). The ignition fuel supply
pressure should be monitored at a point as far upstream
of the control and safety shutoff valves as practicable.

(10) Main oil temperature (high). This alarm is used for heated
oils only.

(11) No load on pulverizer. This alarm warns when the
pulverizer-indicated coal load is substantially below nor-
mal and the feeder is running.

(12) Pulverizer overload. This alarm warns when the pulverizer-
indicated coal load is above the normal range.

Monitors of furnace conditions (television) include the
following:

(1) Furnace television. A properly designed and installed fur-
nace television can be of significant value as a supple-
mentary indication of flame and other conditions in
some furnace designs. It is of particular value during
start-up in viewing igniters and individual burners for
proper ignition. This is an aid to, but not a substitute
for, visual inspection.

(2) Flame detector indication. This monitor provides a means for
operator observation of flame detector output signal
strength.

A.6.5.1 No code can guarantee the elimination of furnace
implosions. Section 6.5 provides a balance between the com-
plications of reinforcement of equipment and the limitations
and reliability of operating procedures, control systems, and
interlocks to minimize the occurrence of the conditions lead-
ing to furnace implosions.

If worst-case conditions are assumed (e.g., cold air, high
head—induced draft fan, forced draft fan flow shutoff, induced
draft control dampers open with induced draft fan operating),
the furnace cannot be protected by reasonable structural design.

By using the provisions outlined in Section 6.5, the likeli-
hood of furnace damage is remote, provided the induced
draft fan has reasonable head capability. If the induced draft
fan head capability is increased significantly, special consider-
ation should be given to induced draft fan characteristics, spe-
cial duct arrangements, or special instrumentation or control.

A.6.5.2.3(1) Excessive speed can cause undesirable hunting
and overshooting of automatic controls and create damaging
negative pressure transients downstream. Excessive speed also
might be unsuitable for manual control.

Where variable speed or axial fans are used, the rate of re-
sponse is slower than with constant speed centrifugal fans, and
special consideration must be given to the design of the furnace
draft control system to ensure a satisfactory rate of response.

A.6.5.3.2.4.1 On installations with multiple induced draft
fans and forced draft fans, during any individual fan’s starting
sequence, its associated flow control devices and shutoff
dampers are permitted to be closed.

A.6.5.3.2.4.1(2) On installations with multiple fans and cross-
over ducts and with the first fan in operation, the remaining
idle fan’s shutoff damper(s) are permitted to be closed to pre-
vent air backflow through the idle fan. On all installations,
after the first induced draft fan and forced draft fan are started
and are delivering air through the furnace, the shutoff damp-
er(s) of the remaining idle fans are permitted to be closed.
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A.6.6.3.2.1 Variations in the burning characteristics of the
fuel and in the normal variations in fuel-handling equipment
and fuel-burning equipment introduce unreliability to the
lower operating limits of the main fuel subsystem in any given
furnace design.

Boilers with a small number of burners can be subject to
hazardous air-fuel ratios, particularly where a burner is being
placed into service or being taken out of service and one
burner is tripped.

The smaller the number of burners (e.g., only two burn-
ers), the greater the potential hazard.

Specific recommendations for the design and operation of
two-burner boilers are provided in 6.6.7 and 6.7.7. These same
principles can be applied to boilers with more than two burners,
but generally less than six burners, that are subject to this hazard.

A.6.6.3.2.2 Such transients are generated by means such as
burner shutoff valves and dampers that operate at speeds faster
than the speed of response of other components in the system.

A.6.6.3.2.5 Special recognition should be given to the fire haz-
ards imposed by leakage or rupture of piping at the burner.

A.6.6.3.4.3 Various types of fuel reburn systems are being ap-
plied across many types of multiple burner boilers for control
of NO,. A limited accumulation of operating history with re-
burn systems prompted the Technical Committee on Multiple
Burner Boilers to provide redundant safety requirements.
These redundant requirements utilize either reburn flame
sensors or boiler furnace gas temperature monitoring. Re-
burn flame sensing or furnace gas temperature monitoring
provides direct supervision of variables critical to the operat-
ing safety of reburn systems. These measured variables aug-
ment the other requirements of 6.4.2.3.10.

A.6.6.4.4 Field tests will be used to validate the basic flame-
tripping concepts. These tests, performed on representative
units, can be applied to other units of similar size and arrange-
ment, including burners/nozzles of substantially the same ca-
pacity using similar fuels.

A.6.6.5.1.4 Sequences of operation are based on the typical
fuel supply system shown in Figure A.6.6.5.1.4(a) and Figure
A.6.6.5.1.4(b). As permitted in 6.6.3.1, variations in these pip-
ing arrangements are allowed, provided all the functional re-
quirements of this code are met by the arrangement.

A.6.6.5.1.7 Although NO, and other emissions during start-up
and extremely low load operation are low, they might not comply
with increasingly stringent emission limits. Deviation from the
open register light-off procedure, continuous purge, and mini-
mum airflow requirements defined in this code to meet those
limits is not recommended. There are insufficient data and oper-
ating experience to justify changes to this code.

A.6.6.5.2.1.1(2) Such an inspection is particularly important
for a cold start where the fuel burned prior to shutdown con-
tained volatile vapors heavier than air.

A.6.6.5.2.1.1(15) The frequency of testing depends on the
design and operating history of each individual boiler and ig-
nition system. As a minimum, the test should be made at each
start-up following an igniter overhaul or other significant
maintenance that could have affected the igniter.

A.6.6.5.2.1.1(17) The importance of reliable igniters and ig-
nition systems cannot be overstressed.

A.6.6.5.2.1.3(B)(15) Automatic control of burner fuel and
burner airflow during the lighting and start-up sequence is
recommended.

Ca
Cs
()
5 5 Igniter
typical
a a (typical)
K
Gas supply {;Q i E
T F E
—————>
i i —>
C4 Igniter header atmospheric vent valve R
o L . Other
Cs Individual igniter atmospheric vent valve — P
X igniters
Igniter header safety shutoff valve
. >
Igniter fuel control valve
Individual igniter safety shutoff valve Q ( PSL | | >

Pressure relief valve
Low fuel pressure switch
High fuel pressure switch
Fuel pressure gauge
Manual shutoff valve

0wV OXGOTM

FIGURE A.6.6.5.1.4(a) Typical Gas Igniter System.

Igniters (permanently
installed)
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Optional

A Main safety shutoff valve O Cleaner or strainer
B Individual burner safety shutoff valve P Restricting orifice
C1 Burner header atmospheric vent valve Q Burner header high fuel pressure switch
C> Individual burner atmospheric vent valve Q2 High fuel supply pressure switch
D Main fuel control valve R Burner header low fuel pressure switch
D1 Main fuel bypass control valve (optional) R1 Burner header low fuel pressure switch
I Charging valve (optional) (must be self-closing) (alternate location)
J  Constant fuel pressure regulator Rz Low fuel supply pressure switch
K Pressure relief valve S  Fuel pressure gauge
M  Flowmeter T  Manual shutoff valve Cq

Q Main

@ burner
T R ‘_ (typical)
To other PSL
- - T T I boilers
QR S Ri s e Other main
burners
—>

Outside of boiler room

To ignition system

[See Figure A.6.6.5.1.4(a).]

FIGURE A.6.6.5.1.4(b) Typical Main Burner Fuel Supply System for Fuel Gas-Fired Multiple Burner Boiler.

A.6.6.5.2.2.1 For burners having a high airside pressure drop
[generally greater than 102 mm (4 in.) water column at full
boiler load], one way to indicate proper air-fuel ratio is to
compare burner airflow with burner fuel flow as determined
by windbox-to-furnace differential and burner header pres-
sure. The ratio thus determined plus the open register proce-
dure provides a guide for proper operation of burners under
start-up conditions where flows might be out of the range of
other meters. Windbox-to-furnace differential taps, where pro-
vided, should be located at the burner level.

A.6.6.5.2.5.5 Immediate or fast airflow changes are not al-
lowed following an emergency shutdown due to the likelihood
of creating an air-fuel ratio outside the manufacturer’s re-
quired limits in some sections of the unit before all of the
combustibles have exited the unit.

A.6.6.5.2.8.2 This signal should be based on steam flow, main
fuel flow, turbine load, burners in service, any combination
thereof, or other means to ensure that temperatures in the
reburn zone are greater than the autoignition temperature of
the reburn fuel.

A.6.6.5.3.2 A trip of the fuel during a fuel-rich condition
while flame is being maintained results in a sudden increase in
the air-fuel ratio, which can create a greater hazard.

A.6.6.5.4.8 The objective of the leak test is to ensure that the
individual burner safety shutoff valves are not leaking gas into the
furnace. The test can be performed by closing the main fuel
header vent valve and the individual burner safety shutoff valves,
then closing the main safety shutoff valve, thus pressurizing the
header. If a charging valve is used, the testis performed by closing
the main safety shutoff valve and using the charging valve to pres-
surize the header, then closing the charging valve. That pressure
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must be held within predetermined limits for a predetermined
amount of time for the test to be successful.

A.6.6.5.4.8(B) Sece Figure A.6.6.5.1.4(b), which shows a typi-
cal main burner fuel supply system that includes the piping
that should be checked.

A.6.6.6 Annex B describes procedures for this mode of operation.

A.6.6.7.1.1 These boilers are subject to hazardous air-fuel ra-
tio upsets at either burner during light-off and fuel transfer
and when one of the two burners automatically trips during
operation.

A.6.6.7.2.1.1(2) The result of this operation is that the re-
maining operating burner maintains its air-fuel ratio within
manufacturer’s suggested limits after the fuel is shut off to the
failed burner.

A.6.7.1 See Section K.4.
A.6.7.2 See Annex K.6.
A.6.7.2(4) See Section K.3(4).

A.6.7.2(8) NFPA 77, Recommended Practice on Static Electricity,
and API RP 2003, Recommended Practice for Protection Against Ig-
nitions Arising Out of Static, Lighining, and Stray Currents, pro-
vide design parameters.

A.6.7.2(9) See Section K.3(8).

A.6.7.2(10) Initial firing of fuel oil in a cold boiler can create
a special hazard by causing fires in air heaters.

A.6.7.3.1 See Figure A.6.7.5.1.4(a) through Figure A.6.7.5.1.4(d),
which show the typical fuel oil piping arrangements on which
the text in this code is based.
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A.6.7.3.1.3 Free fall can generate static electricity and in-
crease vaporization of fuel.

A.6.7.3.1.4 See Section K.4(7).
A.6.7.3.1.5 See Section K.4(8).
A.6.7.3.1.8 This is especially important for crude oil.
A.6.7.3.1.9 This piping might need to be heat traced.

A.6.7.3.1.10 The use of interface fluids or sealing dia-
phragms might be necessary with this instrumentation.

A.6.7.3.2.1 Variations in the burning characteristics of the
fuel and in the normal variations in fuel-handling equipment
and fuel-burning equipment introduce unreliability to the
lower operating limits of the main fuel subsystem in any given
furnace design.

A.6.7.3.2.2(A) Such transients are generated by means such as
burner shutoff valves and dampers that operate at speeds faster
than the speed of response of other components in the system.

A.6.7.3.2.6 Special recognition should be given to the fire
hazards imposed by leakage or rupture of piping at the
burner. Particular attention should be given to the integrity of
flexible hoses and swivel joints.

A.6.7.3.5.3 Various types of reburn systems are being applied
across many types of multiple burner boilers for control of
NO,. Alimited accumulation of operating history with reburn
systems prompted the Technical Committee on Multiple
Burner Boilers to provide redundant safety requirements.
These redundant requirements utilize either reburn flame
sensors or boiler furnace gas temperature monitoring. Re-
burn flame sensing or furnace gas temperature monitoring
provides direct supervision of variables critical to operating
safety of reburn systems. These measured variables augment
the requirements of 6.4.2.3.10.

Scavenging

A.6.7.4.4 Field tests are used to validate the basic flame trip-
ping concepts. These tests, performed on representative units,
can be applied to other units of similar size and arrangement,
including burners and nozzles of substantially the same capac-
ity using similar fuels.

A.6.7.5.1.4 Sequences of operation are based on the typical
fuel supply system shown in Figure A.6.7.5.1.4(a) through Fig-
ure A.6.7.5.1.4(d). As permitted in 6.7.3.1, variations in these
piping arrangements are allowed, provided all the functional
requirements of this code are met by the arrangement. Figure
A.6.7.5.1.4(a) through Figure A.6.7.5.1.4(d) show the typical
piping arrangements on which the text in 6.7.5 is based.

A.6.7.5.2.1(2) Such an inspection is particularly important
for a cold start where the fuel burned prior to shutdown con-
tained volatile vapors heavier than air.

A.6.7.5.2.1(16) The frequency of testing depends on the de-
sign and operating history of each individual boiler and igni-
tion system. As a minimum, the test should be made at each
start-up following an igniter overhaul or other significant
maintenance that could have affected the igniter.

A.6.7.5.2.1(18) The importance of reliable igniters and igni-
tion systems cannot be overstressed.

A.6.7.5.2.3 Automatic control of burner fuel and burner air-
flow during lighting and the start-up sequence is recommended.

A.6.7.5.6.5 Procedure for purging after an emergency shutdown.
Immediate or fast airflow changes are not allowed following
an emergency shutdown due to the likelihood of creating an
air-fuel ratio outside the manufacturer’s required limits in
some sections of the unit before all the combustibles have
exited the unit.

medium

() L
G Y

. Igniter
™ (typical)

Light oil | }
supply
T \/ F E I
E Igniter safety shutoff valve —> Other igniters
F  Igniter fuel control valve L 5 (permanently
G Individual igniter safety shutoff valve installed)
O Cleaner or strainer — >
R Low fuel pressure interlock R L 5
S  Fuel pressure gauge —
T Manual shutoff valve
W Scavenging valve
Y Check valve

FIGURE A.6.7.5.1.4(a) Typical Mechanical Atomizing Light Oil Igniter System.
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W
Scavenging o ,L {J|:<|}
>

medium
[ Igniter
S @ > 5 N -
G v (typical)
v/
i A
........................................ Z
O
Light oil pl—| \/ I i
suppl
pply T F E Sotre:irrn
E Igniter safety shutoff valve >
F  Igniter fuel control valve > cher
G Individual igniter safety shutoff valve igniters
O Cleaner or strainer — >
R Low fuel pressure switch R L 5
S  Fuel pressure gauge — Igniters
T Manual shutoff valve (permanently
W  Scavenging valve installed)
Y Check valve
Z Differential pressure control valve
Zy Differential pressure alarm and trip switch
FIGURE A.6.7.5.1.4(b) Typical Steam or Air Atomizing Light Oil Igniter System.
W
Oil return
H Scavenging
S ' medium
Main burner
(typical)
R ‘ B Y
S R1
(D6, @
A
D
(0}
Oil supply ——t— < @ ; >
T
M —> _ Other main
BN burners
—>
Il D+ ]
A Main safety shutoff valve QQ Low temperature or high viscosity alarm switch
B Individual burner safety shutoff valve R Burner header low fuel pressure switch
D Main fuel control valve R1 Low fuel pressure switch
Dy Main fuel bypass control valve (optional) S  Fuel pressure gauge
H Recirculating valve T Manual shutoff valve
Il Circulating valve W  Scavenging valve
M  Flowmeter Y Check valve
O Cleaner or strainer

FIGURE A.6.7.5.1.4(c) Typical Mechanical Atomizing Main Oil Burner System.
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H

Oil return 4—;—;

l Main
burner —
S (typical)
S1
R Ts
S
Y
QQ : :
A
M D Scavenging
T medium
w Y
Oil supply {;2} ! © ! m E ; Steam or
i \/ i U —> <— | airheader
Other main
—> burners D
—> -«
I D+ | LF-------APDS)---------1
Z4 "
\/
““““““““““ Xz

A Main safety shutoff valve R Burner header low fuel pressure switch
B Individual burner safety shutoff valve S  Fuel pressure gauge
D  Main fuel control valve Sy Atomizing medium pressure gauge Trap
D1 Main fuel bypass control valve (optional) T  Manual shutoff valve
H Recirculating valve (optional for unheated oil) Ts Atomizing medium individual burner shutoff valve, automatic Atomizing
Il Circulating valve W Scavenging valve medium
M Flowmeter Y Check valve supply
O Cleaner or strainer Z Differential pressure control valve
QQ Low temperature or high viscosity alarm switch ~ Z; Differential pressure alarm and trip switch

FIGURE A.6.7.5.1.4(d) Typical Steam or Air Atomizing Main Oil Burner System.

A.6.7.5.9.2 This signal should be based on steam flow, main
fuel flow, turbine load, burners in service, any combination
thereof, or other means to ensure that temperatures in the
reburn zone are greater than the autoignition temperature of
the reburn fuel.

A.6.7.5.11.2 A wrip of the fuel during a fuel-rich condition
while flame is being maintained results in a sudden increase in
the air-fuel ratio, which can create a greater hazard.

A.6.7.5.12.8 The initial firing of fuel oil in a cold boiler can
create a special hazard by causing fires in air heaters.

A.6.7.5.12.9 The objective of the leak test is to ensure that the
individual burner safety shutoff valves are not leaking fuel into
the furnace. With the individual burner safety shutoff valves
closed, establish a nominal pressure on the oil header and
then trap this pressure by closing both the recirculating valve
and the main trip valve. If the oil header pressure remains
within predetermined limits for a predetermined amount of
time, then the individual burner safety shutoff valves are prop-
erly sealing off their burners.

A.6.7.6 Annex B describes procedures for this mode of op-
eration.

A.6.7.7.1.1 These boilers are subject to hazardous air-fuel ra-
tio upsets at either burner during light-oft and fuel transfer
and when one of the two burners automatically trips during
operation.

A.6.7.7.2.1.1(2) The result of this operation is that the re-

maining operating burner maintains its air/fuel ratio within

manufacturer’s suggested limits after the fuel is shut off to the
failed burner.

A.6.8.2 See Section K.5.

A.6.8.2.1 Ittakesaslittle as 1.36 kg (3 1b) of pulverized coal in
28.32 m® (1000 ft*) of air to form an explosive mixture. Be-
cause a large boiler burns 45.4 kg (100 1b) or more of coal per
second, the safe burning of pulverized coal necessitates strict
adherence to planned operating sequences. (See 6.8.5 for se-
quences of operation.)

The raw coal delivered to the plant can contain foreign
substances such as scrap iron, wood shoring, rags, excelsior,
and rock. Much of this foreign material can interrupt coal
feed, damage or jam equipment, or become a source of
ignition within a pulverizer. The presence of foreign mate-
rial could constitute a hazard by interrupting coal flow. This
interruption could cause total or partial flameout and pos-
sible reignition accompanied by a dangerous furnace puff
or explosion. Wet coal can cause a coal hang-up in the raw
coal supply system. Wide variations in the size of raw coal
can result in coal feeding that is erratic or uncontrollable.

A.6.8.2.1(1) Coal undergoes considerable processing in sev-
eral independent subsystems that need to operate together.
Failure to process the fuel properly in each subsystem in-
creases the potential explosion hazard.

A.6.8.2.1(2) Methane gas released from freshly crushed or
pulverized coal can accumulate in enclosed spaces.
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A.6.8.2.1(3) Pulverized coal is conveyed through pipes from
the pulverizer to the burner by transport air. Improper opera-
tion can introduce multiple hazards. For example, improper
removal of a burner from service can introduce the following:

(1) The settling out of pulverized coal in the burner pipes to
inoperative burners, which, on restarting of the burner,
can cause a furnace puff

(2) Leakage of pulverized coal from the operating pulverizer
through the burner valve into the idle burner pipe

(3) Leakage of gas or air through a burner valve, thereby
causing a fire in an idle pulverizer. (See 6.8.5 for precautions
to minimize such hazards.)

A.6.8.2.1(4) Pulverizer system explosions have resulted from
the accumulation of pulverized coal in the hot air, tempering
air, and coal pipe seal air supply system that are shared by a
group of pulverizers. Provisions are to be made in the design
of the system to prevent these occurrences and to allow peri-
odic inspections.

A.6.8.2.1(5) The burning of pulverized coal requires close
integration of the pulverizer system. Normally, the pulverizer
system and the burner system function as a unit so that start-up
of the pulverizer is integrated with the light-off of all its associ-
ated burners. Ignition of pulverized coal in the burner pipe
could occur if the velocity of the transport air falls below a
minimum value. In addition, operating and purging the pipes
with this minimum airflow during the shutdown procedure
prevents the settling of the fuel in the burner pipes. The dan-
ger associated with this settling is that the accumulated coal
could cause an explosion as the flow in the pipe is increased.

A.6.8.2.1(6) Itisnecessary to dry coal for proper pulverizer
operation and combustion. This drying usually is accom-
plished by supplying hot air to the pulverizer. Temperature
control normally is maintained by mixing tempering air
with hot air from the air heater. An outlet temperature that
is too low impedes pulverization. An outlet temperature
that is too high causes coking or overheating of burner
parts and increases the possibility of pulverizer fires. Main-
taining a controlled outlet temperature also aids in control-
ling the relationship between the fuel and the primary air.

A.6.8.2.2.2 Coal is subject to wide variations in analysis and
characteristics. The change in the percentage of volatile con-
stituents affects the ignition characteristics of the coal and can
affect the permitted turndown ratio of a particular burner de-
sign. Coals having high volatile content (above 28 percent, as
fired) are easier to ignite than coals having low volatile con-
tent (below 20 percent, as fired). As the volatile content de-
creases, the minimum permitted firing rate can increase sig-
nificantly. The fineness of pulverized coal also can affect the
permitted turndown ratio. Therefore, it is necessary to estab-
lish minimum firing rates for the range of volatility and fine-
ness expected. A firing rate that is too low could result in a
gradual buildup of coke or slag on the burner tip or on the
furnace floor and must be avoided.

A.6.8.2.2.3 Where operating with pulverized coal for an ex-
tended time at reduced loads, incomplete combustion can cause
large quantities of unburned combustible dust to settle in hop-
pers and on horizontal surfaces. If this dust is disturbed by a rapid
increase in airflow or by sootblowing, an explosive mixture can
result. This condition has been the cause of several explosions.
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A.6.8.2.3.1 The restrictions described in 6.8.2.2 might limit
the turndown ratio significantly. This might make it necessary
to light off the burner at higher loads than is necessary for
either oil or gas. As a result, the procedures of the open
register/purge rate light-off system advocated in this code are
somewhat different from those for oil or gas.

A.6.8.2.3.2 Wide variations in coal quality and spare pulverizer
capability lead to large burner throats; therefore, the turbulence
necessary for good mixing of coal and air is significantly re-
stricted as the load is reduced. These factors can restrict the turn-
down ratio when all pulverizers are in service.

A.6.8.2.3.3 With gas and fuel oil, it usually is possible to purge
and light off with the idle registers in the normal firing posi-
tion by momentarily closing the registers on burners to be lit
in order to establish initial ignition. Although, in the case of
some coalfired boilers, this identical procedure is possible,
there are other installations where the windbox-to-furnace dif-
ferential necessary to obtain the desired turbulence for purge
and light-off is best obtained with all registers open to an inter-
mediate (light-off) position; the registers then are opened
progressively to the normal firing position immediately after
each group of burners has been lit.

A.6.8.3.3.1 Variations in the burning characteristics of the
fuel and normal variations in fuel-handling equipment and
fuel-burning equipment introduce unreliability to the lower
operating limits of the main fuel subsystem in any given fur-
nace design.

A.6.8.3.3.2 Such transients are generated by means such as
burner shutoff valves and dampers that operate at speeds faster
than the speed of response of other components in the system.

A.6.8.3.3.6 Special recognition should be given to the fire haz-
ards imposed by leakage or rupture of piping near the burner.

A.6.8.3.5.3 There are various types of reburn systems being
applied across many types of multiple burner boilers for con-
trol of NO,.. A limited accumulation of operating history with
reburn systems prompted the Technical Committee on Mul-
tiple Burner Boilers to provide redundant safety require-
ments. These redundant requirements utilize either reburn
flame sensors or boiler furnace gas temperature monitoring.
Reburn flame sensing or furnace gas temperature monitoring
provides direct supervision of variables critical to the operat-
ing safety of reburn systems. These measured variables aug-
ment the requirements of 6.4.2.3.10.

A.6.8.4.1 It is not always possible with coal firing to main-
tain consistently detectable flame at each flame envelope
(or burner), even where combustion is maintained. Several
factors contribute to the development of a realistic tripping
philosophy.

The flame stability of each individual burner normally is
comparable to that at all the other burners associated with a
single pulverizer. Where ignition energy and detection are
proven for a number of burners, there is less concern regard-
ing random or intermittent indications of loss of flame by in-
dividual detectors associated with that pulverizer.

Itis recognized that any fuel input that does not ignite and
burn on a continuous basis creates a hazard.

A.6.8.4.3 The three principal furnace configurations are as
follows:

(1) Wall-fired configuration
(2) Angular downshot-fired configuration
(3) Tangentially fired configuration



ANNEX A

85-159

A.6.8.4.4.1 The purpose of this interlock is to prevent operating
a pulverizer/burner system with an insufficient number of burn-
ers for each pulverizer for stable pulverizer/burner operation.

A.6.8.5.1.4 Sequences of operation are based on the typical
fuel supply system shown in Figure A.6.8.5.1.4(a) through
Figure A.6.8.5.1.4(c), which show the typical fuel supply sys-
tems on which the text in 6.8.5 is based.
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\ n ~,~ burner
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To other — AR Coal
burners ﬁ a] oa
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Y\Burner line,
purge and
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Hot air = !_! s I
||J‘|‘ T !
Tempering=> 1 !! o :'
air T i
Tempering air damper E 1 Pulverizer
""""""" If required -

Tempering air

shutoff gate Suction control damper
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FIGURE A.6.8.5.1.4(a) Typical Direct-Fired Pulverizing Sub-

system, Integral Transport Type.
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FIGURE A.6.8.5.1.4(c) Typical Direct-Fired Pulverizing Sub-
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A.6.8.5.1.6(C)(2) Because of the relatively high fuel input at
the minimum permitted pulverizer load, it is a practice in some
plants to fire intermittently. This practice is not recommended.

A.6.8.5.2.1.1(2) Such an inspection is particularly important
for a cold start where the fuel burned prior to shutdown con-
tained volatile vapors heavier than air.

A.6.8.5.2.1.1(13) The frequency of testing depends on the
design and operating history of each individual boiler and ig-
nition system. As a minimum, the test should be made at each
start-up following an igniter overhaul or other significant
maintenance that could have affected the igniter.

A.6.8.5.2.1.1(15) The importance of reliable igniters and ig-
nition systems cannot be overstressed.

A.6.8.5.2.1.3(B)(17) Furnace explosions commonly are
caused by placing igniters into service where there has been a
flameout of an operating burner.

A.6.8.5.2.1.3(B)(18) Some systems allow the igniters to re-
main in service on either an intermittent or a continuous ba-
sis. Furnace explosions have been attributed to re-ignition of
an accumulation of fuel by igniters after an undetected flame-
out of the main burner.

A.6.8.5.2.5.5 Immediate or fast airflow changes are not al-
lowed following an emergency shutdown due to the likelihood
of creating an air-fuel ratio outside the manufacturer’s re-
quired limits in some sections of the unit before all of the
combustibles have exited the unit.

A.6.8.5.2.8.2 This signal should be based on steam flow, main
fuel flow, turbine load, burners in service, any combination
thereof, or other means to ensure that temperatures in the
reburn zone are greater than the auto-ignition temperature of
the reburn fuel.

A.6.8.5.3.1 When tripped, a residual charge occurs, primarily
in the pulverizer but also in the burner piping and nozzles.
This accumulation in a hot pulverizer generates volatiles that
are combustible and explosive. The charge also has the poten-
tial to create unpredictable light-off conditions.

A.6.8.5.4.2 A trip of the fuel during a fuelrich condition
while flame is being maintained results in a sudden increase in
the air-fuel ratio, which can create a greater hazard.

A.6.8.5.4.3 Raw coal hang-ups ahead of the feeder that cause
unstable or intermittent firing and wet coal or changing coal
quality that causes flame instability are common emergencies
that can arise where pulverized coal is being fired. These
emergencies can create hazardous conditions by allowing un-
burned fuel to accumulate in the furnace.

A.6.8.5.5.6 Operation with less than the full complement of
burners associated with a pulverizer is not recommended un-
less the pulverizer-burner subsystem is designed specifically
for such operation. Idle burners are subject to accumulations
of unburned pulverized coal in burner lines, leakage of coal
into furnace or windboxes, and overheated burner nozzles or
diffusers. With highly volatile coals, there is a high probability
that coking or serious fires will result from operation under
such conditions.

A.6.9 In certain cases, the environmental permit requirement
to operate the SCR is limited to the months that correspond to
the time of year when NO, readily combines with other com-
pounds in the atmosphere to form ozone. In these cases, due to
the seasonal nature of SCR use, a means can be included as a part
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of the SCR system to allow the flue gas to bypass the SCR catalyst
when operation of the SCR is not required. Because the SCR
catalyst ages at its normal operating temperature even when
there is no ammonia injection, this seasonal bypassing of the SCR
catalyst can extend the life of that catalyst.

A.6.9.2 Since SCRs with bypass systems can be purged with
flue gas into operating precipitators, a more positive means of
isolation of ammonia and other combustible materials is re-
quired for long-term shutdown of the SCR. Some SCR catalysts
are extremely sensitive to oil contamination. For coal-fired
boilers with oil-fired igniters, it might be necessary to bypass
the SCR while the igniters are firing in a cold furnace to pre-
vent poisoning of the catalyst with oil soot.

A.6.9.3 The means can be provided by using air from the forced
draft fan discharge, or from a dedicated fan(s) to provide seal air
to the isolation dampers or to pressurize the SCR enclosure to
ensure that flue gas does not enter the SCR while it is isolated.
For balanced draft units, the means could be provided by venting
the SCR enclosure to atmospheric pressure.

A.6.9.4 Before an SCR is placed in service, it should have been
purged with air or flue gas (at the proper conditions), with both
fuel or ammonia sources blocked in an approved fashion and
purge credit maintained. The SCR purged credit remains in ef-
fect, provided the SCR is isolated from the flue gas stream and
the sources of both fuel and ammonia are shut off. Partial open-
ing of the SCR isolation dampers or loss of seal air should not
void the purge credit as long as furnace combustion conditions
are stable and the unit operating mode meets design criteria. An
SCR thus isolated and purged can be readily placed in service
without any need for further purging. It is always permissible to
bring an SCR system on line by conducting a normal shutdown of
the boiler, repositioning the SCR isolation and bypass dampers,
conducting a unit purge, and then restarting the boiler following
a normal start-up procedure. However, operational tie-in of the
SCR into the flue gas path without shutting down the boiler is
allowed in accordance with 6.9.4, because it is recognized that a
normal shutdown and restart of the combustion process to tie in
the SCR, including the fresh air purge, can have a negative im-
pact on equipment and operating costs and presents the addi-
tional risks inherent with any start-up.

A.7.3.1 By virtue of the more consistent ignition source avail-
able from the mass of high-temperature bed material during
normal operation, a fluidized-bed combustion system is less
susceptible to furnace puffs and flameouts than burner com-
bustion. However, during unit warm-up or operation using a
slumped or semifluidized bed, the unit does not benefit from
these mitigating factors.

Fluidized-bed combustion systems produce carbon-containing
flash (see 3.3.30, Char), which can accumulate in dunes on hori-
zontal surfaces in the gas path. Some systems use cyclone dust
collectors with hoppers below that can store a substantial mass of
combustible carbon particles. A carbon-rich mass can continue to
combust slowly for hours after a plant shutdown and will provide
an ignition source if disturbed by increased airflow. Combustibles
can also accumulate in the windbox and be ignited by hot bed
material that flows down through air nozzles when the bed is first
fluidized.

A.7.3.2 No code can guarantee the elimination of furnace
implosions. Section 7.5 provides a balance when considering
the complications of reinforcement of equipment, limitations
and reliability of operating procedures, control systems, and
interlocks to minimize the occurrence of the conditions lead-
ing to furnace implosions.
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If worst-case conditions are assumed (e.g., cold air, high
head induced draft fan, forced draft fan flow shutoff, induced
draft control dampers open with induced draft fan operat-
ing), the furnace cannot be protected by reasonable structural
design.

Where the provisions outlined in Section 7.5 are used, the
likelihood of furnace damage is believed to be remote, pro-
vided the induced draft fan has reasonable head capability. If
the induced draft fan head capability is increased significantly,
then special consideration of induced draft fan characteristics
or special duct arrangements or special instrumentation or
control should be investigated.

The rapid decrease in furnace gas temperatures and pres-
sure resulting from either a rapid reduction in fuel input or a
master fuel trip, which is a cause of implosions in non-
fluidized-bed boilers, is not likely to occur in a fluidized-bed
boiler. This is because of the resistance to fast temperature
changes provided by hot bed material and refractory.

A.7.3.3.2 Although many fluidized-bed combustion boiler
designs provide for reinjection of elutriated char into the bed,
a certain amount of unburned carbon is carried in the flue gas
through the boiler’s heat transfer surfaces and ductwork to
the baghouse or other dust collection equipment. Combus-
tible particles that accumulate can become an ignition source
during a start-up or change in load.

A.7.3.3.5(3) See Annex H.
A.7.3.3.8 See Annex L.

A.7.3.3.8.2(B) One method by which the absence of solids
can be confirmed is by soundings. Soundings are accom-
plished by lowering a weighted cable from the top of the cy-
clone to the base of the loop seal. Visual inspections are also
feasible if light from an opening in the loop seal can be seen
from the top of the cyclone. It should be noted that these
methods may not indicate the presence of solids adhering to
the sides of the cyclone, the loop seal, or the connecting pipe.
[See 1..2.2(10).]

A.7.3.3.9(1) An operating fluidized-bed combustion (FBC)
boiler, either bubbling or circulating, contains as the bed a large
quantity of hot, granular solids. In some designs, there is also
substantial hot refractory. Both the bed and the refractory store
large quantities of heat, which causes the behavior of an FBC
boiler to differ from that of other fuel combustion systems.

Because ignition energy is supplied by the hot bed, an FBC
boiler can be operated at fuel-air ratios much higher than can
be sustained in a suspension burner. Consequently, an inven-
tory of unburned fuel can accumulate in the boiler enclosure.

An operating FBC boiler continues to produce steam after a
fuel supply trip if the air supply continues to operate. The source
of heat might not be the fuel remaining in the bed after the fuel
supply trip but, rather, could come from the heat stored in the
granular bed material and the refractory. Experience has demon-
strated that, although it drops, steam production can continue at
above 50 percent of the full load rating for several minutes after a
fuel supply trip. However, if the air supply is stopped and the bed
defluidized, the heat removal from the bed becomes very low
because the bed material is a good insulator, and steam produc-
tion drops to less than 10 percent of full load production in a
matter of seconds.

A.7.3.3.9(8) Bed material will sift through the air nozzles at the
base of the furnace during low load operation when the pressure
drop across the nozzles is low. This occurs most frequently during
start-up and shutdown. Carbon particles contained in the siftings
can ignite, as has happened in several plants. Additionally, accu-
mulated material could result in structural overload, improper
airflow distribution, or interference with duct burner operation.
The following should be considered in the design:

(1) An air nozzle system that reduces the potential for sifting

(2) Startup and shutdown procedures that minimize the
time spent at low airflow

(3) Means to observe the contents of the windbox (e.g., quartz
windows)

(4) Means for removing any accumulation

A.7.4.1.1.1 The following equations provide an example of
boiler enclosure structural design, as shown in Figure A.7.4.1.1.1:

(1) Area A: Normal operating pressure = +1.0 kPa (4.0 in. w.g.).

(a) +1.0 kPa (4.0 in. w.g.) x 1.67 = 1.7 kPa (6.7 in. w.g.).

(b) The higher of +8.7 kPa (+35 in. w.g.) or +1.7 kPa
(6.7 in. w.g.) is selected.

(c) The lower of the result of item 2 or the forced draft
maximum head capability at ambient conditions is
selected.

(d) AreaAoffurnace is designed to +8.7 kPa (+35 in. w.g.) at
yield.

(2) Avrea B: Normal operating pressure = +5.0 kPa (+20 in. w.g.).

(a) +5.0 kPa (+20 in. w.g.) x 1.67 =+8.3 kPa (+33.4 in. w.g.).

(b) The higher of +8.7 kPa (+35 in. w.g.) or +8.3 kPa
(+33.4 in. w.g.) is selected.

(c) The lower of the result of item 2 or the forced draft
maximum head capability at ambient conditions is
selected.

(d) Area B of furnace is designed to +8.7 kPa (+35 in. w.g.)
atyield.

(3) Area C:Normal operating pressure =+12.5 kPa (+50 in. w.g.).

(a) +12.5 kPa (+50 in. w.g.) x 1.67 = +20.8 kPa (+83.5 in.
w.g.)

(b) The higher of +8.7 kPa (+35 in. w.g.) or +20.8 kPa
(+83.5 in. w.g) is selected.

(c) The lower of the result of item 2 or the forced draft
maximum head capability at ambient conditions is
selected.

(d) Area C of furnace is designed to +20.8 kPa (+83.5 in.
w.g) atyield.

(4) Area D:Normal operating pressure =+17.4 kPa (+70 in. w.g.).

(a) +17.4kPa (+70 in. w.g.) x 1.67 = +29.1 kPa (+116.9 in.
w.g.).

(b) The higher of +8.7 kPa (+35 in. w.g.) or +29.1 kPa
(+116.9 in. w.g.) is selected.

(¢) The lower of the result of item 2 or the forced draft
maximum head capability at ambient conditions is
selected.

(d) Area D of the furnace is designed to +27.4 kPa
(+110 in. w.g.) at yield.

A.7.4.1.1.2(2) The induced draft fan head capability increases
due to significant draft losses beyond the boiler enclosure or for
other reasons, such as excessive induced draft fan test block mar-
gins. Where the induced draft fan test block capability is more
negative than —8.7 kPa (=35 in. w.g.), consideration should be
given to an increased negative design pressure.
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draft fan
A and stack
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draft fan(s)

Maximum head capacity = +27.4 kPa (+110 in. w.g.)
at ambient conditions
Normal operating pressure: A = +1.0 kPa (+4.0 in. w.g.)
B = +5.0 kPa (+20 in. w.g.)
C =+12.4 kPa (+50 in. w.g.)
D =+17.4 kPa (+70 in. w.g.)

FIGUREA.7.4.1.1.1 Structural Design Diagram of Boiler En-
closure.

A.7.4.2.1.3.3 The following hazards should be considered in
the design of solid fuel feed systems:

(1) The bunker should be designed to facilitate discharge of
material at a controlled rate. The purchaser or the pur-
chaser’s designated representative should be aware of the
wide range of material-handling characteristics of fuel
that are related to differences in moisture, size distribu-
tion, and consolidation characteristics. The probable
range of these characteristics for the fuels to be used and
a determination of time consolidation shear values over
these ranges are prerequisites for obtaining a bunker de-
sign that provides the desired flow characteristics over the
range of fuels to be used.

(2) Abnormally hot, smoldering, or burning raw fuel that is
ahead of the feed system is serious and should be dealt
with promptly.

(3) Fuel systems can create hazardous conditions when fuel
escapes into the surrounding atmosphere or when air en-
ters an inerted system.

(4) Oxidation can raise a fuel’s temperature to a point where
autocombustion or spontaneous combustion can occur.
This characteristic can constitute a special hazard with
certain fuels and fuel mixtures.

(b) Gases can be released from freshly crushed fuel, and accu-
mulations of flammable or explosive mixtures can occur in
bins or other enclosed areas.

(6) Hot air can flow back into the fuel bunker.

A.7.4.3.2.4 Contaminants in fuel include salt, sand, sludge,
water, and other abrasive or corrosive constituents. Some fuels
contain waxy materials that precipitate, clogging filters and
other elements of the fuel system.

A.7.4.3.4.1.4 Itisrecognized that any fuel input that does not
ignite and burn on a continuous basis creates a hazard.

A.7.4.3.7.2.1(D) Special attention should be given to fire haz-
ards posed by leakage or rupture of piping near the lance.
Good housekeeping practices should be enforced.
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A.7.4.3.8 Transients that can adversely affect burner opera-
tion are often generated by components such as burner shut-
off valves or dampers that operate at speeds faster than the
speed of response of other components in the system.

A.7.4.4.3 Determination of Bed Temperature for Operational Permis-
sives. Bed temperature refers to the average bed temperature of a
fluidized-bed combustion (FBC) boiler at which certain steps
can be taken. General guidelines for the measurement of bed
temperatures follow.

The requirement is for the FBC designer to furnish a
temperature-measuring system and logic to provide a reli-
able bed temperature value during the various conditions
of operation, including start-up, hot restart, low load, and
normal operation.

A system that has been shown to satisfy the requirement con-
sists of a number of thermowells, roughly proportional to the
capacity of the FBC, positioned in the nominally vertical walls
surrounding the bed at elevations below and above the level of
the slumped bed. A penetration of a well at a location 51 mm
(2 in.) from the wall provides a reliable bed temperature mea-
surement without extensive erosion of the well. Materials are se-
lected that are appropriate for temperature elevation, erosion,
and corrosion potentials.

Where the bed is fluidized, the measurements above and be-
low the slumped bed level fall within a narrow range. Rather than
taking an average of these temperatures, a method is used in
which an established minimum percentage of each of the upper
and the lower bed temperature elevations exceeds the estab-
lished permissive in order to meet interlock requirements.

Because of variations in FBC designs, each supplier is re-
sponsible for meeting the requirements for a reliable bed tem-
perature measurement and logic system.

A.7.4.4.3.1(C) When a bed is not fluidized, thermocouple
readings will not represent a true average bed temperature.

A.7.4.44.1.3 The use of gravimetric-type or calibrated
volumetric-type feeders with the use of combustion airflow
measurement and monitoring of the flue gas percent oxygen
and low range combustibles is an acceptable method of con-
trolling the air-fuel ratio.

A.7.4.4.4.2.1(A) See Annex H.

A.7.4.4.4.2.9 Fluid bed combustors under certain abnormal op-
erating conditions can accumulate significant quantities of un-
burnt fuel without an obvious indication of abnormality. Such
conditions can occur when the fuel input exceeds the available
air for combustion over an extended period of time. This condi-
tion is of particular concern where nonhomogeneous fuel of
widely varying heating values is fired. The combustion control
system is currently required to include features to reduce the
likelihood of this occurrence.

The continuous indication of critical process variables re-
ferred to in 4.6.7 is a key aid to the operators in avoiding
ongoing operation while fuel input exceeds air input.

Oxygen analyzers are necessary for fluidized bed combus-
tion in order to keep the fuel input calibrated to true air de-
mand for comparison to actual air input. Oxygen analyzers
also advise the operator when air input rate relative to fuel
input falls below the acceptable range.

Combustibles analyzers are recommended as an aid in
avoiding excess fuel operation. Combustibles analyzers pro-
vide valuable data in addition to the previously described mea-
surements and information. The deficiency of air might not
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always deplete flue gas oxygen before high levels of combus-
tible products are observed. Particularly in the event of inad-
equate bed mixing, flue gas oxygen and flue gas combustibles
can coexist and actually present a more difficult situation than
a purely air-deficient circumstance.

A.7.5 Furnace structural damage could result from the occur-
rence of excessively high or low gas side pressure.

A condition that is likely to cause furnace pressure excur-
sions in a fluidized-bed boiler is maloperation of the equip-
ment regulating the boiler gas flow, including the air supply
and flue gas removal systems. This could result in exposure of
the furnace to excessive fan head capability.

The rapid decrease in furnace gas temperatures and pressure
resulting from either a rapid reduction in fuel input or a master
fuel trip, which is a cause of implosions in nonfluidized-bed boil-
ers, is not likely to occur in a fluidized-bed boiler because of the
resistance to fast temperature changes provided by hot bed ma-
terial and refractory.

On the basis of reported incidents and field tests, the maxi-
mum negative furnace pressure is determined primarily by the
maximum head characteristic of the induced draft fan. A ma-
jor objective of the final design should be to limit the maxi-
mum head capacity of draft equipment to that necessary for
satisfactory operation. Special consideration should be given
to fan selection and arrangement of ductwork to limit the ef-
fect of negative head.

With scrubbers or other high draft loss equipment for re-
moving flue gas contaminants, a booster fan might be neces-
sary. A bypass or other appropriate means should be provided
to counteract the potentially excessive negative pressure con-
ditions that result from combining the suction heads of both
the induced draft and booster fans.

No standard can guarantee the elimination of furnace im-
plosions. Section 7.5 provides a balance when considering the
complications of reinforcement of equipment, limitations and
reliability of operating procedures, control systems, and inter-
locks to minimize the occurrence of the conditions leading to
furnace implosions.

If worst-case conditions are assumed (e.g., cold air, high head
induced draft fan, forced draft fan flow shutoff, induced draft
control dampers open with induced draft fan operating), the
furnace cannot be protected by reasonable structural design.

Where the provisions outlined in Section 7.5 are used, the
likelihood of furnace damage is believed to be remote, pro-
vided the induced draft fan has reasonable head capability. If
the induced draft fan head capability is increased significantly,
then special consideration of induced draft fan characteristics
or special duct arrangements or special instrumentation or
control should be investigated.

A.7.5.1 For the purpose of discussion in Section 7.5 the ge-
neric term forced draft fan is used to refer to a number of com-
bustion air sources commonly found on fluidized-bed boilers.
Because of the diverse nature of the air supply systems pro-
vided on fluidized-bed boilers, a careful study of the specific
design is recommended to apply the provisions of this section
properly to a specific unit. Some special considerations in-
clude the following:

(1) Multiple air sources at different locations (e.g., primary
air fans, secondary air fans)

(2) The isolating effect of a slumped bed

(3) High pressure blowers

A.7.5.2.3(1) Excessive speed could cause undesirable hunt-
ing and overshooting of automatic controls and create damag-
ing negative pressure transients downstream. Excessive speed
also might be unsuitable for manual control.

Where variable speed fans or axial fans are used, special
consideration should be given to the design of the furnace
draft control system to ensure a satisfactory rate of response.

A.7.6.1.3 Provided that the average bed temperature remains
above the ignition point, ignition energy remains in the bed
material and refractory to ensure total burnout of combustible
volatile matter after the master fuel trip. (See also A.7.6.2.4.1.)

A.7.6.1.5.1.6(A) See Annex H.

A.7.6.2.1.1(14) The use of an inert material such as sand re-
duces the hazard of calcium oxide to maintenance personnel
if it becomes necessary to reenter the unit shortly after start-
up. (See Annex L.)

A.7.6.2.2.5 The intent of 7.6.2.2.5 is to require tripping the
main fuel if the bed temperature drops below a predefined
value. This trip temperature is higher than the light-off permit
due to differences in operation monitoring. During start-up,
main fuel is being fed under carefully controlled conditions
and under the direct, constant attention of an operator [see
7.6.2.1.2(1)(6) and 7.6.2.1.2(])(4)]. This condition might not

occur during normal operation.

A.7.6.2.4.1 The bed temperature measurement is valid only
where the bed is fluidized.

A.7.6.2.4.2 Under certain unusual operating, start-up, or shut-
down conditions, it is possible for combustibles to accumulate in
the windbox and ductwork.

A.7.7.3.1 Variations in the burning characteristics of the fuel
and in the normal variations in fuel-handling equipment and
fuel-burning equipment introduce unreliability to the lower
operating limits of the main fuel subsystem in any given fur-
nace design.

A.7.7.5.2.1.2(A) Ifa charging valve (recommended to be self-
closing) on the main gas supply is furnished, it should be
opened to bypass the main safety shutoff valve; otherwise, the
main safety shutoff valve should be opened. The main fuel
control valve should be opened as needed. The burner header
should be vented until it is filled with gas. The burner header
atmospheric vent valve should be closed. The charging or
main safety shutoff valve should be left open to establish a
nominal pressure on the burner header. The charging or
main safety shutoff valve then should be closed. It can be con-
cluded that the safety shutoff valves do not leak if the nominal
pressure remains within specified limits.

A.7.7.5.3(5) The maximum fuel pressure allowed at the
burner may be a function of the available air flow, the maxi-
mum allowable heat input or temperature at the burner, the
flame stability, the burner operating range, or other factors.

A.7.8.1(C) Some designs for steam/air atomized igniters re-
quire differential pressure control between the igniter fuel oil
pressure and the atomizing media. In this instance, a differen-
tial pressure control valve and a differential pressure interlock
are required in lieu of the constant pressure regulating valve
and static pressure interlock.

A.7.8.3.1 Variations in the burning characteristics of the fuel
and in the normal variations in fuel-handling equipment and
fuel-burning equipment introduce unreliability to the lower
operating limits of the main fuel subsystem in any given fur-
nace design.

2004 Edition



85-164

BOILER AND COMBUSTION SYSTEMS HAZARDS CODE

A.7.9.1.1 The mandatory automatic master fuel trips (MFTs)
specified in 7.6.2.5.2, the main fuel trips specified in 7.6.2.6.2,
and the warm-up burner trips specified in 7.7.5.3 and 7.8.5.3
represent those automatic trips for which sufficient experi-
ence has been accumulated to demonstrate a high probability
of successful application for all units. The use of additional
automatic trips, although not mandatory, is recommended.

It is possible to experience conditions conducive to a fur-
nace explosion without detection of such conditions by any of
the mandatory automatic trip devices, even though they are
properly adjusted and maintained. Therefore, operating per-
sonnel should be made aware of the limitations of the auto-
matic protection system.

A.7.9.2.4.9 The mandatory master fuel trip system and circuits
should be functionally independent and physically separated
from all other control system operations. The intent of this sepa-
ration should be to ensure that any credible failure in the control
system cannot prevent or prohibit any necessary mandatory auto-
matic trip. The intent is that the master fuel trip system function
should not be intermixed with other control system functions,
although they can be permitted to use the same type of hardware
and software. Components such as operator interfaces or annun-
ciation can be shared where it is desirable to do so. Information
on input status should be dedicated to the mandatory master fuel
trip and interlock system to the greatest extent possible. Where
signals are shared between the mandatory master fuel trip and
interlock systems and other control systems, the signal should be
input to the master fuel trip system and retransmitted to any
other control system s).

A.7.9.3.2.2.5 The signal indicating bed temperature low and
the signal indicating warm-up burner flame not proven are
the equivalent of a loss of all flame in a burner-fired boiler.

A.7.9.3.3.3.3 It is recommended that manual initiation be
required before the purge reset of the master fuel trip device
is completed.

A.7.9.3.4 Some fuel supply systems for warm-up burners are
configured with sensors and interlock logic for monitoring
and tripping burners on a per-burner basis. Others are config-
ured with sensors and interlocks for monitoring and tripping
warm-up burners as a group. Care must be taken to ensure
that interlocks are designed for use with the fuel supply piping
arrangement used.

A.7.9.3.4.2 Monitoring of header pressure to multiple
warm-up burners with individual flow control capability does
not satisfy this requirement. With low-pressure gas burners,
furnace pressure fluctuations might be more influential on
burner gas flow than burner pressure drop.

A.7.10.1 Consideration should be given to the use of an addi-
tional annunciator dedicated to high-priority critical alarms.

A.7.10.2.1 Recommended additional alarms include the
following:

(1) Combustible or carbon monoxide high. An alarm warns the
operator of a possible hazardous condition when measur-
able combustibles are indicated.

(2) Airfuel ratio (high and low). If proper metering is installed,
an alarm indicates a potentially hazardous air-fuel ratio.

(3) Oxygen analyzer trouble. An alarm warns the operator of a
malfunctioning flue gas oxygen analyzer.
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A.7.10.2.2 In addition to the recommended alarms for fuel
gas burners, the following alarms are recommended to indi-
cate abnormal conditions and, where applicable, to alarm in
advance of an emergency shutdown. It is recommended that
provision be made in the design for possible future conversion
to automatic trips in the interlock system.

(1) Burner register closed. This alarm provides control room in-
dication or alarm for the condition that all secondary air
burner dampers are closed on an operating burner.

(2) Change in heating value of the fuel gas. In the event that the
gas supply is subject to heating value fluctuations in excess
of 1863 kJ/m” (50 Btu/ft*), a meter in the gas supply or
an oxygen meter on the flue gas should be provided.

(3) Airfuel ratio (high and low). If proper metering is installed,
this alarm can be used to indicate a potentially hazardous
air-fuel ratio with an initial alarm indicating approach to a
fuel-rich condition and a second alarm indicating ap-
proach to a hazardous fuel-rich condition.

(4) Flame detector trouble. This alarm warns the operator of a
flame detector malfunction.

(5) Ignition fuel supply pressure (low). This alarm monitors the
ignition fuel supply pressure at a point as far upstream of
the control and safety shutoff valves as practicable.

(6) Any vent valve failed to close. An alarm warns the operator of
vent valve failure to close.

A.7.10.2.3 In addition to the required alarms for fuel oil, the
following alarms are recommended to indicate abnormal con-
ditions and, where applicable, to alarm in advance of a safety
shutdown. It is recommended that provisions be made in the
design for possible future conversion to automatic trips in the
interlock system.

(1) Burner register closed. This alarm provides control room in-
dication or alarm for the condition that all secondary air
burner dampers are closed on an operating burner.

(2) Airfuel ratio (high and low). If proper metering is installed,
this alarm can be used to indicate a potentially hazardous
air-fuel ratio with an initial alarm indicating approach to a
fuel-rich condition and a second alarm indicating ap-
proach to a hazardous fuel-rich condition.

(8) Ignition fuel supply pressure (low). This alarm monitors the
ignition fuel supply pressure at a point as far upstream of
the control and safety shutoff valves as practicable.

(4) Flame detector trouble. This alarm warns the operator of a
flame detector malfunction.

(5) Main oil temperature (high). This alarm is used for heated
oils only.

(6) Main oil viscosity (high). If the viscosity of the fuel supply is
variable, it is recommended that a viscosity meter be used
to provide the alarm. Interlocking to trip on high viscosity
also shall be considered in such cases.

(7) Flame detector trouble. This alarm warns the operator of a
flame detector malfunction.

A.8.2.2 No code can guarantee the elimination of HRSG ex-
plosions and implosions. Technology in this area is under con-
stant development and is reflected in revisions to this code.

A.8.3.3.1 The following list of factors, at minimum, should be
considered during the design evaluation:

(1) Single versus multiple steam pressure levels

(2) Allowable combustion turbine exhaust backpressure
(3) Supplementary, auxiliary, or augmented firing

(4) Combustion turbine exhaust bypass system
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(5) Corrosiveness and fouling of by-products of combustion
(e.g., fin tube versus bare tube, metallurgy, cold-end metal
temperature)

(6) Single or multiple fuels

(7) SCR or other environmental control systems

(8) Heat transfer surface cleaning (during operation and
shutdowns) and inspection

(9) Freeze protection

(10) Rapid start, operating and transients, and thermal shock

(11) Dry operation

(12) Protective systems

(13) Degree of automation and complexity of control systems

(14) Operator interface

(15) Overall system performance evaluation, feedback, and
iteration (expert system database consideration)

(16) Description of start-up validation test program (reference
test cases and simulator data library where available)

(17) Combustion turbine (purge exhaust)

(18) Bypass stack and damper

(19) HRSG and interconnecting ducts

(20) Forced draft fan, induced draft fan, or discharge stack,
in any combination

(21) Burner management system logic

(22) Flame monitoring and tripping systems

(23) Combustion control system

(24) Power supplies configuration and codes

(25) Piping system configuration and codes

(26) Operating information

(27) Input/output selection

(28) Information displayed

(29) Data transmission (noise accuracy considerations)

(30) Programmable logic controller software and hardware
considerations

(31) Requirements for operation from a remote location

(32) Initial control tuning

A.8.3.3.2 Dynamic simulation, where utilized, should include
development of the following:

(1) Configuration and data initialization

(2) Knowledge of plant behavior

(3) Preliminary control system design and tuning

(4) Validation of operating requirements (system performance)

(5) Transients and ramps for intended and unintended
operation

A.8.3.4 An HRSG is a complex system, often involving nu-
merous components, multiple steam pressure levels, emission
control systems, and auxiliary, augmented air, or supplemen-
tary firing.

A.8.4.2.1 The volume of piping between the combustion tur-
bine stop valves should be minimized.

A.8.4.2.2 In the event HRSG system conditions deviate be-
yond alarm set points, the operator or the control system
should initiate corrective action(s) to prevent reaching the
interlock limits. These actions could include those that reduce
thermal energy input to the HRSG, such as duct burner run-
back, duct burner trip, and combustion turbine runback.

Consideration should be given to taking pre-emergency ac-
tion automatically in the event tripping parameters deviate
beyond alarm levels, to minimize thermal stress duty cycles on
the combustion turbine. Runback parameters should initiate
from the HRSG or other plant subsystems.

A.8.4.2.2.2 A combustion turbine trip is costly in terms of its
effect on combustion turbine life expectancy and should be
performed only under conditions that could result in a safety
hazard or equipment damage.

A.8.4.3 The operation of the HRSG combustion turbine sys-
tem differs from that of a conventional multiple burner boiler.
Some of the differences include the following:

(1) The combustion turbine is an internal combustion engine. The
engine burns a lean mixture of fuel with compressed air. The
hot, pressurized combustion gases expand from the combustor
through a series of rotating turbine wheel and blade assem-
blies, resulting in shaft power output and hot turbine exhaust
gas discharge to the HRSG. Turbine exhaust gas is hotand has a
reduced oxygen content relative to air.

(2) The design of the HRSG differs from that of a regular
steam generator in that, in most cases, the HRSG is de-
signed to utilize the residual heat from the combustion
turbine exhaust gas, with some supplementary firing by
the duct burner, if necessary.

(3) Because the combustion turbine is a volumetric machine,
combustion turbine exhaust gas is discharged within
closely prescribed limits, with the oxygen content varying
as a function of load.

(4) Separate purge requirements exist prior to combustion
turbine light-off and prior to duct burner light-off.

(5) Airfuel ratios controlled by duct burners are neither pos-
sible nor recommended. As vast quantities of turbine ex-
haust gases far in excess of the theoretical air requirements
of the fuel are utilized, fuel-rich conditions cannot inher-
ently occur under normal controlled operating conditions.

(6) Many types of burners are available for HRSG systems.
The burner can consist of a number of parallel tubes or
runners placed in the duct to provide the required heat
release. This commonly is used for gaseous fuels and is
referred to as a grid burner. Alternatively, wall-mounted
burner systems with parallel flame holders in the duct can
be used for liquid fuels. In-line register-type burners
manufactured in Europe also have been used. Ignition
systems for these burner types can employ Class 1, Class 2,
or Class 3 igniters.

A.8.4.4.1.7 Protection for burner front exposed equipment
might justify installation of fire protection as indicated in
NFPA 850, Recommended Practice for Fire Protection for Electric Gen-
erating Plants and High Voltage Direct Current Converter Stations.

A.8.4.4.2.1 Usually this can be accomplished by providing
full relieving capacity vented to a safe location.

A.8.4.4.2.2 Atmospheric vent valves located between shutoff
valves are intended to relieve any gas pressure that builds up due
to failure of the first (upstream) shutoff valve. This minimizes the
potential for leakage into an idle HRSG. To perform properly,
these valves should be large enough to relieve gas to the atmo-
sphere at a rate equal to the potential leakage rate. In the ab-
sence of equivalent protection, vent pipe sizes and vent valve port
diameters should conform to Table 4.6.2.4.2. Special precautions
should be taken to vent heavier-than-air gases safely.

A.8.4.4.3.7 Special attention should be given to the routes of
piping, valve locations, and other such components to mini-
mize exposure to high temperature or low temperature
sources. Low temperature might increase viscosity, inhibit
flow, or precipitate waxy materials. High temperatures might
cause carbonization or excessive pressure and leakage due to
fluid expansion in trapped sections of the system.
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A.8.4.4.5.1.6 Variations in burning characteristics of the fuel
and the normal variations in fuel-handling and fuel-burning
equipment introduce an uncertainty as to the lower operating
limits of the main fuel subsystem in any given HRSG design. In
these circumstances, Class 1 or Class 2 igniters, as demonstrated
by test, can be used to maintain stable flame.

A.8.4.4.5.1.7 Such transients are generated by burner shutoff
valves, dampers, and other components that operate at speeds
faster than the response speeds of other components in the
system.

A.8.4.5 See Figure A.8.4.5 for a typical system with aug-

mented air.

Stack

Burners

| <

Combustion turbine

HRSG

e

Fan

FIGURE A.8.4.5 HRSG Burners with Augmented Combustion
Air Supply.

A.8.5 Proper design consideration should be given to inter-
nal insulation and cover plates so that the following factors are
properly addressed:

(1) Insulation thickness and external casing temperature cal-
culations

(2) Internal plate thickness and material

(3) Pin pitch, diameter, and fixing methods

(4) Welding procedures

A.8.5.1 The external skin temperature and acoustical design
of the HRSG, HRSG ducts, and HRSG stack should comply
with the requirements of federal, state, and local regulations.

A.8.5.2 An excessive HRSG enclosure design pressure can
result in a more severe energy release from the HRSG enclo-
sure if a blockage of the exhaust to the stack occurs.

In the event of inadvertent closure of any damper in the
combustion turbine exhaust path such that exhaust flow is
stopped, there will be a rapid buildup of pressure downstream
of the combustion turbine that will continue to increase even
after the combustion turbine is tripped on high exhaust pres-
sure. This is due to the rundown time of the combustion tur-
bine. It is not possible to design the transition duct or HRSG
enclosure to withstand this pressure surge. The energy with
which the HRSG enclosure ruptures increases as the pressure
at which rupture occurs increases.

A.8.5.3 For HRSG configurations where excessively low com-
bustion turbine exhaust gas side pressures can develop, the
system designer should consider applying the implosion pro-
tection requirements in Section 6.5.

A.8.5.4 Any through-duct penetrations should have proper pro-
vision for expansion and sealing. Where pipes, tubes, headers, or
drums create a through-duct penetration, calculations should be
provided to demonstrate that the differential expansion and the
sealing can properly accommodate such expansion.
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A.8.5.5 Due to misoperation, there have been occurrences of
fin-metal tube fires in HRSGs, and there is a need to address
this potential. See Annex M.2 for specific articles related to
iron fires, which in turn have references to previous literature.
Consideration should be given to detecting and alarming fin-
metal tube fires.

Iron fires in conventional and marine boilers also have oc-
curred, principally in air preheaters. At a temperature of ap-
proximately 571°C (1060°F), carbon steel fins oxidize at an
accelerated rate, and with insufficient cooling, an iron fire is
inevitable.

A.8.5.7.1 Consideration should be given in the design to
minimizing pockets that could trap combustible materials.

A.8.5.7.2 Drains should be provided in all ducts or enclosures
where fluid accumulation is possible.

A.8.6.4 For guidance in determining area classification, see
NFPA 497, Recommended Practice for the Classification of Flammable
Liquids, Gases, or Vapors and of Hazardous (Classified) Locations for
Electrical Installations in Chemical Process Areas; NFPA 499, Recom-
mended Practice for the Classification of Combustible Dusts and of
Hazardous (Classified) Locations for Electrical Installations in
Chemical Process Areas, NFPA 70, National Electrical Code, Article 500;
and either API RP 500, Recommended Practice for Classification of
Locations for Electrical Installations at Petroleum Facilities Classified as
Class I, Division 1 and Division 2, or API RP 505, Recommended Prac-
tice for Classification of Locations for Electrical Installations at Petroleum
Facilities Classified as Class I, Zone 0, Zone 1, and Zone 2.

A.8.7.1 The user is encouraged to use judgment in the appli-
cation of the following guidelines for all process and safety
functions contained in the distributed control system.

For data transmission, the following should be considered:

(1) Everyinputshould be sampled at intervals no longer than
1 second. Every output should be updated at intervals no
longer than 1 second.

(2) For protective actions, the system should be able to con-
vert a changed input sensor value to a completed output
control action in less than 250 milliseconds.

(3) Changes in displayed data or status should be displayed
within 5 seconds.

(4) Data acquisition and transmission systems should be pro-
tected from noise pickup and electrical interference.

(5) In redundant systems, the data links should be protected
from common mode failures. Where practical, redundant
data links should be routed on separate paths to protect
against physical damage that disables both data links.

For hardware, the following should be considered:

(1) The hardware selected should have adequate processor ca-
pacity to perform all the functions required for start-up se-
quencing, normal operation alarming, monitoring, and
shutdown of the controlled equipment. Capacity also should
be available for data storage and sorting; this capacity can be
permitted to be located in a separate processor.

(2) Selection should take into consideration the requirements
for reliability, maintainability, and electrical classification.

(3) The hardware should provide for automatic tracking be-
tween automatic and manual functions to allow for imme-
diate seamless transfer.

(4) The hardware should be capable of stable dynamic control.
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(5) The hardware should be capable of thorough self-diagnosis.

(6) Consideration should be given to all levels and types of
electrical interference that can be tolerated by the hard-
ware without compromising its reliability or effectiveness.

(7) Fail-safe operation should be obtained through a thor-
ough and complete analysis of each control loop and by
providing for a failure of thatloop (i.e., valve /actuator) to
cause a fail-safe position.

For software, the following should be considered:

(1) The software package should be designed to include all logic
to provide a safe and reliable control system. When the soft-
ware calls for the operation of a field safety device, a feed-
back signal should be provided to prove that the requested
operation has taken place, and an alarm should be actuated
if the action is not confirmed in a specified time.

(2) The software package should be checked to ensure that no
unintended codes or commands are present (e.g., viruses or
test breaks). The software package should be tested and ex-
ercised before being loaded into the plant site computers or
processors.

(3) The software system should be protected from inadvertent
actions from operators and also should be tamperproof.

(4) Written procedures should specify the functions that can
and cannot be accessed by the operator and those func-
tions that require additional authorization for access.

(5) The software should be permitted to provide for authorized
on-line changes of the timers and set points, provided the
safety of the operating equipment is not compromised.

(6) The software should implement and enhance the self-
diagnostic hardware that has been provided.

A.8.7.2.2.2 This requirement does not preclude the storage of
data with smaller percentage changes of value when appropriate.

A.8.7.2.3 Consideration should be given to monitoring the
following additional HRSG parameters:

(1) Fuel flow

(2) Fuel supply header pressure

(3) Feedwater pressure at each pressure level
(4) Feedwater flow at each pressure level

(5) Economizer inlet water temperature

(6) Economizer outlet water temperature

(7) Steam temperature at each level

(8) Steam flow at each pressure level

(9) Oxygen in flue gas at the HRSG outlet

A.8.8.1 The requirements in Chapter 1 through Chapter 4
and 8 apply to all combustion turbine and HRSG configura-
tions. Configurations not specified might require additional
safety considerations and requirements.

Sections 8.1 through 8.8 of this code are based on a di-
rectly coupled combustion turbine and HRSG, either with
or without duct burners. Combustion turbine exhaust is the
only source of heat to the HRSG where no duct burners are
supplied and is the principal source of combustion air for
the duct burners where the HRSG system is so equipped. See
Figure A.8.8.1(a) and Figure A.8.8.1(b).

A.8.8.2.4 See Annex K.
A.8.8.2.5 See Annex K.

A.8.8.2.7.2 This sequence provides a continuous airflow or
flue gas flow through the HRSG at a rate that is at least the rate
that existed during the purge operation. The objective of this
practice is to ensure minimum velocities through the unit to
prevent hazardous accumulations of unburned fuel.

Stack

HRSG
DM,

Combustion turbine
DM3;—Stack damper

FIGURE A.8.8.1(a) Combustion Turbine with Directly
Coupled Unfired HRSG.

Stack

g HRSG —=~
Burner DM,

Combustion turbine
DM3;—Stack damper

FIGURE A.8.8.1(b) Combustion Turbine and Directly
Coupled HRSG with Burners.

A.8.8.2.7.3 Automatic start systems can be permitted to estab-
lish igniter flame on multiple burner elements simultaneously
with proper supervision. Similarly, main burner elements can
be permitted to be configured to operate as one with proper
supervision.

A.8.8.4.1 The objective of this practice is to remove potential
accumulations of hazardous unburned fuel from the volume
defined in 8.8.4.2.1, which could be ignited by light-off of the

combustion turbine.

A.8.8.4.2.2(B)(2) An engineered model study has shown the
capability of accurately depicting the gas flow characteristics
within an HRSG enclosure. The greatest experience base for
model studies has been physical scale models utilizing a cold
airflow. These models are generally accurate if kinematic si-
militude is maintained by ensuring that the test flow within the
model is fully turbulent (Reynolds number >3200). The in-
creasing availability of computational fluid dynamics (CFD)
programs offers an alternative to physical modeling. With any
model study, the accuracy of the results is dependent on the
skill of the modeler, the quality of the modeling tools, and the
detail of the model.

Engineered model studies can be used to determine purge
effectiveness. For this use, the physical model generally offers
the advantage of ease of visualization when in the identifica-
tion of areas of high combustible concentrations. It is difficult,
however, to quantify purge efficiencies with a physical model.
The CFD model, when properly created, is able to define the
change in concentration of the combustibles, but in general it
is less easily visualized. It is also recognized that it is possible to
consolidate the results of many model studies to develop a
calculative method of correlating HRSG configurations with
specific purge rates.
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Physical or computational modeling or other engineering ap-
proaches can demonstrate or define a specific purge rate (higher
or lower than those specified in 8.8.4.2.2) for HRSGs. However,
the parameters vary for each installation and are unique.

As a minimum, consideration should be given, but not be
limited to, the following:

(1) Ductwork and stack geometry
(2) HRSG geometry

(3) Fuel characteristics (lower explosive limits, autoignition
temperature, density, etc.)

(4) Combustion turbine/HRSG conditions (hot or cold)
(5) Fuel accumulation zones

In physical or computational modeling, the reproduction
of areas where combustible gas can accumulate is of extreme
importance. An example of this would be the steam drum and
collection header cavities located on the top of HRSGs. These
pockets can be very large and vary in size considerably, de-
pending on the manufacturer and the model. Low purge rates
might not be able to dissipate the flammable vapors in these
locations and could require separate venting or blowers to
reduce the flammable vapors.

While not covered by this code at the present time, intercon-
nected multiple combustion turbines and HRSGs are being in-
stalled and operated. These configurations require special purge
considerations and could require purge rates significantly higher
than those required by this code. Follow the principles provided
in NFPA 69, Standard on Explosion Prevention Systems, to determine
the required purge airflow air rate. When applying this method, a
Kfactor consistent with the HRSG design should be established.

A.8.8.5.8 Figure A.8.8.5.8(a) through Figure A.8.8.5.8(j) rep-
resent typical fuel supply systems for duct burners.

Vent to
atmosphere

S

S
-
Gas supply {;2} fg 5 5 Igniter
T F E E

Cs Igniter shutoff atmospheric F Igniter fuel control valve
vent valve S  Fuel pressure gauge
E Igniter safety shutoff valve T  Manual shutoff valve

FIGURE A.8.8.5.8(a) Typical Duct Burner Gaseous Fuel Igni-
tion System of a Single Element or Multiple Elements Fired Si-
multaneously (Class 3 Igniter Monitoring Requirements Shown).

) ) (0]
Light oil {;2} j E Igniter

<t
supply T Y F E

E Igniter safety shutoff valve O Cleaner or strainer
F  Igniter fuel control valve S  Fuel pressure gauge
(optional) T  Manual shutoff valve

FIGURE A.8.8.5.8(b) Typical Duct Burner Liquid Fuel Ignition

System of a Single Burner or Multiple Burners Fired Simulta-
neously (Class 3 Igniter Monitoring Requirements Shown).

Main burner

T S R C
Gas supply {;lz}ll {f @

o
|»|

S

A Main burner safety shutoff valve J
C2 Main burner shutoff atmospheric M  Flowmeter

vent valve O Cleaner or strainer
D Main fuel control valve Q

High fuel pressure interlock

To ignition system
[See Figure A.8.8.5.8(a).]

Fuel pressure regulator (optional) R Low fuel pressure interlock

S  Fuel pressure gauge
T  Manual shutoff valve

FIGURE A.8.8.5.8(c) Typical Main Gaseous Fuel Duct Burner System of a Single Element

or Multiple Elements Fired Simultaneously.
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*Caution: See 8.4.4.3.3.

Main burner safety shutoff valve
Main fuel control valve
Recirculating valve (optional for
unheated oil)

Flowmeter

Low atomizing pressure interlock
Cleaner or strainer

I0>

oz

Trap

QQ Low-temperature or high-viscosity
alarm (optional for unheated oil)

R  Low fuel pressure interlock

S  Fuel pressure gauge

T  Manual shutoff valve

Ts Atomizing medium individual burner

shutoff valve, automatic

U Temperature gauge (optional for
unheated oil)

W  Scavenging valve

Y Check valve

Z Differential pressure control valve

Z, Differential pressure alarm and trip
interlock

FIGURE A.8.8.5.8(d) Typical Steam or Air Atomizing Single Main Liquid Fuel Duct Burner System.
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C4 Igniter header atmospheric vent valve
(optional)

Igniter supply atmospheric vent valve
Igniter header safety shutoff valve
Igniter fuel control valve

Individual igniter safety shutoff valve

@ TmoO
o

Q High fuel pressure interlock

R Low fuel pressure interlock

R; Low fuel pressure interlock
(alternate location for R)

S  Fuel pressure gauge

T  Manual shutoff valve

FIGURE A.8.8.5.8(e) Typical Duct Burner Gaseous Fuel Igniter System.
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}%{ C4
Q Mai_n burner
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C
S 2 Ry S ° Other
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To ignition system —
[See Figure A.8.8.5.8(e).]

Dy
A Main safety shutoff valve D Main fuel control valve R  Burner header low fuel pressure
B Individual burner safety shutoff D; Main fuel bypass control valve interlock
valve (optional) Ry Burner header low fuel pressure
C; Main burner header charging J  Fuel pressure regulator (optional) interlock (alternate location for R)
atmospheric vent valve (optional) M  Flowmeter S Fuel pressure gauge
C, Main burner header shutoff Q Burner header high fuel pressure T  Manual shutoff valve
atmospheric vent valve interlock

FIGURE A.8.8.5.8(f) Typical Main Gaseous Fuel Duct Burner System.

Scavenging

W
medium > ?L E
S _—>—5—N7{Igniter (typical)

Light oil {;E} I
T

supply

> Other igniters
—> (permanently

3 | installed)
=

E Igniter safety shutoff valve O Cleaner or strainer T  Manual shutoff valve
F  Igniter fuel control valve R Low fuel pressure interlock W  Scavenging valve
G Individual igniter safety shutoff valve S  Fuel pressure gauge Y Check valve

FIGURE A.8.8.5.8(g) Typical Duct Burner Mechanical Atomizing Light Liquid Fuel Igniter System.
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Scavenging
medium

Y W

'O .
<Igniter (typical)

Y

............... e
w0 L ¥

F Steam or air

—> Other igniters
—> (permanently

> installed)
R I

E Igniter safety shutoff valve R Low fuel pressure interlock Y Check valve

F Igniter fuel control valve S  Fuel pressure gauge Z Differential pressure control valve
G Individual igniter safety shutoff valve T  Manual shutoff valve Z, Differential pressure alarm and

O Cleaner or strainer W  Scavenging valve trip interlock

FIGURE A.8.8.5.8(h) Typical Duct Burner Steam or Air Atomizing Light Liquid Fuel Igniter System.

Qil return 5
H

Scavenging
IS medium
Main burner
R (typical)
s Ry B Y
D @ @
(6]
Oil supply S 5 L L >
T \y \_/ A D
M —> | Other
> main burners
—>
Il D,
A Main safety shutoff valve Il Circulating valve (optional for unheated oil) R; Low fuel pressure interlock
B Individual burner safety shutoff valve M Flowmeter (alternate location for R)
D Main fuel control valve O Cleaner or strainer S Fuel pressure gauge
Dy Main fuel bypass control valve (optional) QQ Low temperature or high viscosity alarm T  Manual shutoff valve
H Recirculating valve (optional for (optional for unheated oil) W  Scavenging valve
unheated oil) R Burner header low fuel pressure interlock Y Check valve

FIGURE A.8.8.5.8(i) Typical Mechanical Atomizing Main Liquid Fuel Duct Burner System.
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H Main burner (typical) s
Qil return {Jqu Ts °
| v
@ -
Scavenging
R medium
S R4 W %
° @ QQ @ 3 ¢ Steam or
air header
T M Other

o m —> main burners <]
Oil supply pl—— F 5 P

N \_/ A D

I D !
Trap
Atomizing
medium supply

A Main safety shutoff valve QQ Low temperature or high viscosity Ts Atomizing medium individual burner
B Individual burner safety shutoff valve alarm (optional for unheated oil) shutoff valve, automatic
D Main fuel control valve R Burner header low fuel pressure Tg Atomizing medium header shutoff valve,
D; Main fuel bypass control valve (optional) interlock automatic (alternate to Ts)
H Recirculating valve (optional for Ry Low fuel pressure interlock W  Scavenging valve

unheated oil)
Il Circulating valve (optional for unheated oil) S
M Flowmeter T
O Cleaner or strainer

(alternate location for R)
Fuel pressure gauge
Manual shutoff valve

Y Check valve
Z Differential pressure control valve
z

1 Differential pressure alarm and trip
interlock

FIGURE A.8.8.5.8(j) Typical Steam or Air Atomizing Main Liquid Fuel Duct Burner System.

A.8.9.1 Figure A.8.9.1 shows separate dampers for isolating
gas flow to the HRSG and allowing gas flow to the bypass
stack.

DM; allows combustion turbine exhaust gas to bypass the HRSG.

DM, blocks combustion turbine exhaust gas from entering the HRSG.
A single unit combination of DMy and DM, is commonly referred
to as a diverter damper.

DMj; closes the stack to prevent loss of heat during nonoperating
conditions.

DM, allows ambient air to enter the HRSG.

é HRSG

DM, Bypass damper

DM, HRSG isolation
damper

DM; Stack damper
DM, Air inlet damper

FIGURE A.8.9.1 Damper Terminology.
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A.8.9.2.2.4 The dew point of the exhaust gases should be
determined. Detrimental effects such as corrosion should be
minimized when choosing materials of construction.

It might be necessary to take special precautions to protect
the superheater or other circuits from excessive temperatures
or pressures by ensuring a constant flow of cooling steam
through venting.

A.8.9.2.3 Proper design and selection of HRSG and com-
ponent materials require knowledge of expected operating
conditions. The reintroduction of combustion turbine ex-
haust gas at temperatures and flow levels in a short time
frame (faster than the typical combustion turbine start-up
sequence) can affect HRSG material life expectancy and
the component materials selected. The sequence of di-
verter damper operation in conjunction with combustion
turbine exhaust gas flow needs to be considered by the
HRSG manufacturer to minimize impact on HRSG materi-
als selected.

A.8.10 See Figure A.8.10 for typical combustion turbine and
fired HRSG with fresh air firing capability.

A.8.10.1 The designer should ensure that the proper margin
above theoretical air is provided under all operating conditions.



